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1 . This technical data may be controlled under U.S. Export Administration Regulations and may 
be subject to the approval of the U.S Department of Commerce prior to export. Any export 
or re-export, directly or indirectly, in contravention of the U.S. Export Administration 
Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this data book are not authorized for use as critical compo- 
nents in life support systems without the written consent of the appropriate officer of Toshiba 
America, Inc. Life support systems are either systems intended for surgical implant in the 
body or systems which sustain life. 

A critical component is any component of a life support system whose failure to perform may 
cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this data book has been carefully checked and is believed to be reliable; 
however, no responsibility can be assumed for inaccuracies that may not have been caught. 
All information in this data book is subject to change without prior notice. Furthermore, 
Toshiba cannot assume responsibility for the use of any license under the patent rights of 
Toshiba or any third parties. 



TOSHIBA 

Static RAM 
1994 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



static RAM 



Contents 



Contents 



static RAM Product Guide 1 

Cross Reference 5 

Packaging 15 

Standard Static RAI\^ 

Density Organization Paclcage Speed (ns) Features Page 

TC55257B 256K 32K x 8 R F, SR FT, TR 85, 100 A-1 

TC55257B-L 256K 32K x 8 R F, SR FT, TR 85, 100 Low Power A-9 

TC55257B-(LT) 256K 32Kx8 R R SR FT, TR 85, 100 Low Temp A-1 7 

TC55257B-L(LT) 256K 32Kx8 R R SR FT, TR 85, 100 Low Rower/Low Temp. ..A-25 

TC55257B-L(LV) 256K 32Kx 8 R R SR FT, TR 85, 100 Low Power/Low Volt.... A-33 

TC55257BI-L 256K 32K x 8 R R SR FT, TR 100 Ind.Temp/Low Power ...A-43 

TC55257C 256K 32K x 8 R R SR FT, TR 70, 85, 1 00 A-51 

TC55257C-L 256K 32K x 8 R R SR FT, TR 70, 85, 1 00 Low Power A-59 

TC55257CI 256K 32K x 8 R R SR RT.,TR 85, 100 hdustriai Temp A-67 

TC55257CI-L ....256K 32Kx 8 R R SR FT, TR 85, 100 Ind. Temp./Low Rower ..A-75 

TC551001A-(LT) 1M 128Kx8 R R RT, TR 70, 85, 100 Low Temp A-83 

TC551 001 A-L(LT) 1 M 1 28K x 8 R R FT, TR 70, 85, 1 00 Low Rower/Low Temp ..A-91 

TC551001A-L(LV) 1M 128Kx8 R R RT, TR 70, 85, 100 Low Power/Low Volt. ...A-99 

TC551001AI 1M 128Kx8 R R FT, TR 85, 100 Industrial Temp A-109 

TC551001AI-L 1M 128Kx8 R R RT, TR 85, 100 Ind. Temp./Low Power ..A-1 17 

TC551001B ..1M 128Kx8 R R RT, TR .70, 85, 100 A-125 

TC551 001 B-L 1 M 1 28K x 8 R R FT, TR 70, 85, 1 00 Low Power A-1 33 

TC5541 61 4M 256K x 1 6 RT, TR 70, 85, 1 00 A-1 41 

TC5541 61 -L 4M 256K x 1 6 FT, TR 70, 85, 1 00 Low Power A-1 49 



l-ligh Speed Static RAM 



TC5588 64K 8Kx8 R J 15, 20, 

TC55B88 64K 8Kx8 R J 

TC5589 72K 8Kx9 R J 15, 20, 

TC55464A 256K 64K x 4 R J 1 5, 20, 

TC55B464 256K 64K x 4 R J 



TC55465A . 
TC55B465 , 
TC55328A , 
TC55B328 , 



.256K. 
.256K. 
.256K. 
.256K. 



TC55V328 256K 

TC55329A 288K 

TC55B329 288K 

TC551632 51 2K 

TC55B4256 1M 

TC55B4257 1M 

TC55B8128 1M 

TC551664 1M 

TC55V1664 1M 

TC55V1864 1.125M 64Kx 18 J, RT 

TC551402 4M 4Mx1/1Mx4 J... 



..64Kx4 R J 15, 20, 

..64Kx4 R J 

..32Kx8 R J 15, 20, 

..32Kx8 R J 

..32Kx8 J 20, 

..32Kx9 R J 15, 20, 

..32Kx9 R J 

32Kx16 J 20, 

256Kx4 J 12, 

256Kx4 J 12, 

128Kx8 R J 12, 

64Kx16 J 15, 

64Kx16 J, RT 10, 

10, 

20, 



TC554101 4M 1Mx4. 



.J 



.20, 



35. 
12. 
35. 
35. 
12. 



.B-1 

.B-9 

.B-17 

.B-25 

.B-33 



35 TC55464AW/OE B-41 

12 TC55B464W/OE B-49 

35 B-57 

12 B-65 

35 3.3V Operation B-73 

35 B-79 

12 B-87 

35 B-95 

20 B-1 03 

20 TC55B4256 w/OE B-1 09 

20 B-115 

25 B-121 

15 3.3V Operation B-1 29 

15 3.3V Operation B-1 37 

30 B-1 45 

30 B-151 



Package: R = Plastic DIR F = Flat package (SOP), SR = Slim Plastic DIR FW = Flat Wide package 
FT = Forward bend TSOR TR = Reverse bend TSOR J = SOJ 
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Contents 



Static RAM 



High Speed Synchronous Static RAIVI 

Density Organization Package Speed (ns) Features Page 

TC55BS4258 1M 256Kx4 J 10, 12 Synchronous 100MHz .. C-1 

TC55BS81 25 1 M 1 28K x 8 J 1 0, 1 2 Synchronous 1 0OMHz .. C-7 

TC55BS8128 1M 128Kx8 J 10, 12 Synchronous 100MHz..C-13 



Pseudo Static RAIVi 



TC51832A 256K 32Kx{ 

TC51864 51 2K 64Kxi 

TC511632 51 2K 32Kx1( 

TC518128A 1M 128Kxi 

TC51 81 28A-LV 1 M 1 28K x i 

TC518128B 1M 128Kxi 

TC518128B-V 1M 128Kxi 

TC518128C 1M 128Kxi 

TC518129A 1M 128Kxi 

TC51 81 29A-LV 1 M 1 28K x i 

TC518129AI 1M 128Kxi 

TC518129B 1M 128Kxi 

TC518129B-V 1M 128Kx! 

TC518129C 1M 128Kxl 

TC518512 4M 512Kx! 

TC518512-(LT) 4M 512Kx! 

TC51 851 2-(DR) 4M 51 2K x ! 

TC518512-LV 4M 512Kx! 

TC518512I 4M 512Kx! 

TC51V8512A 4M 512Kx! 



P, F, SP 70, 85 

R F 85 

F FT 70, 85 

.R F SR FW, FT 80, 100 

...R F FW, FT 80, 100 

. R F SR FW, FT 70, 80 

....RFFW, FT 70, 80 

, R F SR FW, FT 70, 80 

.R F SR FW, FT..... 80, 100 

....R F FW, FT 80, 100 

FW 

. R F SR FW, FT 70, 80 

....RFFW, FT 70, 80 

RFW, FT 70, 80 

R F FT,TR 70, 80 

RFFT,TR 70,80 

RFFT, TR 70,80 

RFFT, TR 70,80 

R F 80 

F FT,TR 120 



100 D-1 

100 D-9 

100 D-1 9 

120 CE1/CE2 D-33 

1 20 CE1/CE2, Low Voltage . D-43 

100 GE1/CE2 D-57 

1 00 CE1/CE2, Low Voltage . D-67 

100 CE1/CE2 D-81 

120 C^CS D-91 

120 CBCS, Low Voltage... D-1 01 

1 00 C^CSJnd. Temp D-1 1 5 

100 ^ C^CS D-1 25 

100 CBCS^w Voltage.... D-1 35 

100 CB'CS D-1 49 

100 ..D-1 59 

100 Low Temp .....D-1 67 

1 00 Data Retention D-1 75 

100 Low Voltage D-1 85 

1 00 Industrial Temp D-1 97 

150 3V Operation D-205 



Package: P = Plastic DIR F = Flat package (SOP), SP = Slim Plastic DIR FW = Flat Wide package 
FT = Forward bend TSOR TR = Reverse bend TSOR J = SOJ 
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Product Guide 



SRAM/PSRAM PART NUMBER GUIDE 



PREFIX 



257 



85 



SPECIAL DESIGNATOR(S) 
L: LOW-LOW POWER VERSION 
LT: LOW TEMPERATURE 
LV: 3.3V OR 5V OPERATION 
DP; PSRAM 3V ~ 5.5V DATA 

RETENTION AND 5V OPERATION 



SPEED 

SPECIAL DESIGNATOR 
L: LOW POWER VERSION 
I: INDUSTRIAL TEMP RANGE 

PACKAGE 
P: PLASTIC DIP 

F: PU\STIC FIAT PACKAGE (SOP) 

SP: PUVSTIC SKINNY DIP 

FW: PLASTIC F17\T WIDE PACKAGE 

FT: THIN SMALL OUTLINE PACKAGE (TSOP) 

TP: REVERSE TYPE TSOP 

J: SMALL OUTLINE J-LEAD (SOJ) 

DIE REVISION 
BLANK, A,B,C 

CONFIGURATION/DENSITY 

TECHNOLOGY 
BUXNK: CMOS 
B; BiCMOS 

BS: BiCMOS SYNCHRONOUS 
V 3.0/3.3V DEVICE 

DEVICE lYPE 
1 : PSRAM 
5: SRAM 
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Product Guide 



Static RAIVI 



Standard Static RAIVI 



70ns 


85ns 




100ns 




TC55257BPL/BFL/BSPL/BFTL/BTRL-85^ 




TC55257BPL/BFL/BSPL/BFTL/BTRL-10^ ■ 










TC55257BPI/BFI/BSPI/BFTI/BTRI-10 






- TC55257CPL/CFL/CSPUCFTL/CTRL-70^ — 


TC55257CPL/CFL/CSPL/CFTL/CTRL-852 




TC55257CPL/CFL/CSPL/CFTL/CTRL-102 












TC55257CPI/CFI/CSPI/CFTI/CTRI-85^ 




TC55257CPI/CFI/CSPI/CFTI/CTRI-102 





128Kx8 



TC551001APL/AFL/AFTL/ATRL-702 — TC551001APL/AFL/AFTL/ATRL-85 



— TC551001APL/AFL/AFTL/ATRL-10' 



TC551001API/AFI/AFTI/ATRI-85^ 



TC551001API/AFI/AFTI/ATRI-10'^ 



- TC551001BPL/BFL/BFTL/BTRL-702 — TC551001BPL/BFL/BFTL/BTRL-85^ 



TC551 001 BPL/BFL/BFTL/BTRL-1 



TC551001BPI/BFI/BFTI/BTRI-85 



TC551001BPI/BFI/BFTI/BTRI-10 



256Kx16l— I TC554161FL/TRL-70^ |— | TC554161FTL/rRL-85 ^ 



TC554161FTL/rRL-10' 



' Also available In Low Power, Low Temperature, and Low Voltage versions. 

^ Also available in a Low Power version. 

^ Available in Low Teniperature and Low Voltage versions. 
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static RAM 



Product Guide 



High Speed Static RAIV! 



10ns/12ns 



15ns 



20ns 



25ns 



30n$/35ns 



— 32Kx8 



CMOS 



■ 8Kxi 



8Kx! 



64Kx4 



32KxC 



32Kx16 



— 64Kx16 



TC5588P/J-15 



TC5589P/J-15 



TC55464AP/AJ-15 



TC55465AP/AJ-15 



TC55328AP/AJ-15 



TC55329AP/AJ-15 



TC551664J-15 



TC55V1 664J/FT-1 0/1 2 — TC55V1 664J/FT-1 5 



64Kx18 



TC55V1864J/FT-10/12 



TC55V1864J/FT-15 



4Mx1/ 
1MX4 



1MX' 



TC5588P/J-20 



TC5589P/J-20 



TC55464AP/AJ-20 



TC55465AP/AJ-20 



TC55328AP/AJ-20 



TC55V328J-20 



TC55329AP/AJ-20 



TC551632J-20 



TC551664J-20 



TC551402J-20 



TC554101J-20 



TC5588P/J-25 



TC5589P/J-25 



TC55464AP/AJ-25 



TC55465AP/AJ-25 



TC55328AP/AJ-25 



TC55V328J-25 



TC55329AP/AJ-25 



TC551632J-25 



TC551664J-25 



TC551402J-25 



TC554101J-25 



TC5588P/J-35 



TC5589P/J-35 



TC55464AP/AJ-35 



TC55465AP/AJ-35 



TC55328AP/AJ-35 



TC55V328J-35 



TC55329AP/AJ-35 



TC551632J-35 



TC551402J-30 



TC554101J-30 



BiCMOS 



8Kx8 — TC55B88P/J-10/12 



64Kx4 - 



TC55B464P/J-10/12 



TC55B465P/J-10/12 



32Kx8 



TC55B328P/J-10/12 



32KxS 



— TC55B329P/J-10/12 



256Kx4 



TC55B4256J-12 — TC55B4256J-15 



TC55B4257J-12 



TC55B4257J-15 



TC55BS4258J-10/12 



1— 128Kx8 



TC55B8126P/J-12 



TC55B8128P/J-15 



TC55BS8125J-10/12 



TC55BS8128J-10/12 



TC55B4256J-20 



TC55B4257J-20 



TC55B8128P/J-20 
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Static RAIVI 



Pseudo Static RAIVI 



70ns 



80ns/85ns 



100ns 



120/150ns 



■;9KvR LI TC51832AP/AF/ASP-70 
"^■^^^^ H TC51832APL/AFL/ASPL-70 



TC51832AP/AF/ASP-85 
TC51832APL/AFL/ASPL-85 



TC51832AP/AF/ASP-10 
TC51832APL/AFL/ASPL-10 



64Kx8 




TC51864PL/FL-85 





TC51864PL/FL-10 



32Kx16 - TC511632FL/FTL-70 



TC511632FL/FTL-85 



TC511632FL/FTL-10 



128Kx8 



TC518128AP/AF/ASP/AFW-80 
TC518128APL/AFL/ASPL/AFWL/AFTL-80^ 



TC518128AP/AF/ASP/AFW-10 
TC518128APL/AFUASPL/AFWL/AFTL-10 ^ 



TC518128AP/AF/ASP/AFW-12 
TC518128APL/AFL/ASPL/AFWL/AFTL-12^ 



TC518128BPL/BFL/BSPL/BFWL/BFTL-701 _ TC518128BPL/BFL/BSPL/BFWL/BFTL-801 
TC518128BPL/BFL/BSPL/BFWL/BFTL-70L TC518128BPL/BFL/BSPL/BFWL/BFTL-80L 



TC51 81 28BPL/BFL/BSPL/BFWL/BFTL-1 01 
TC6181 28BPL/BFL/BSPL/BFWL/BFTL-1 OL 



TC518128CPL/CFL/CSPL/CFWL/CFTL-70 . TC518128CPL/CFL/CSPL/CFWL/CFrL-l 
TC618128CPL/CFL/CSPL/CFWL/CFTL-70L TC518128CPL/CFL/CSPL/CFWL/CFTL-8 



TC5181 28CPL/CFL/CSPL/CFWL/CFTL-1 
TC518128CPL/CFL/CSPL/CFWL/CFTL-10L 



TC518129AP/AF/ASP/AFW-80 
TC518129APL/AFL/ASPL/AFWL/AFTL-80^ 



TC518129AP/AF/ASP/AFW-10 
TC518129APL/AFL/ASPL/AFWL/AFTL-10^ 



TC518129AFWI-1C 



TC51 81 29BPL/BFL/BSPL/BFWL/BFTL-70 1 _ TC51 81 29BPL/BFL/BSPL/BFWL/BFTL-801 
TC518129BPI7BFL/BSPL/BFWL/BFTL-70L TC518129BPL/BFL/BSPL/BFWL/BFTL-80L 



TC51 81 29BPL/BFL/BSPL/BFWL/BFTL-1 Ol 
TC51 81 29BPL/BFL/BSPL/BFWL/BFTL-1 OL 



TC518129CPL/CFL/CSPL/CFWL/CFTL-70 _ TC518129CPL/CFL/CSPL/CFWL/CFTL-80 
TC518129CPL/CFL/CSPL/CFWL/CFTL-70L TC518129CPL/CFL/CSPL/CFWL/CFTL-80L 



TC518129CPL/CFL/CSPL/CFWL/CFTL-10 
TC518129CPL/CFL/CSPL/CFWL/CFTL-10L 



TC518129AP/AF/ASP/AFW-12 ^ 
TC518129APL/AFL/ASPL/AFWL/AFTL-12 



512Kx8 



TC518512PL/FL/FTL7FRL-70' 



TC518512PL/FL/FTL/TRL-I 



TC518512PI/FI-80 



TC518512PL/FL/FTL/TRL-10'^ 



TC518512PI/FM0 



TC51V8512AF/AFT/ATR-12/15 



' Also available in Low Voltage version. 

- Also available in Low Temperature, Data Retention, and Low Voltage versions. 
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Cross Reference 



Standard Static RAM (256 K) 



ORGANIZATION 


32K X 8, 28-pin 


PACKAGE WIDTH 


0.6 INCH DIP 


0.45 INCH SOP 


0.3 INCH DIP 


X 1o.4mn[l 1 irt 1 
TSOP (Forward) 


Q w iO A mm TVDC 1 

X 1 j.4mm 1 Trt 1 
TSOP (Reverse) 


TOSHIBA 


TC55257CP 


TC55257CF 


TC55257CSP 


TC55257CFT 


TC55257CTR 


Cypress 












Fujitsu 


MB84256A-P 


MB84256A-PF 


MB84256A-PSK 


MB84256A-PFTN 


MB84256A-PFTR 


Hitachi 


HM62256AP 


HM62256AFP 


HM62256ASP 






IVlicron 












Mitsubishi 


M5M5256CP 


M5M5256CFP 


M5M5256CKP 


M5M5256CVP 


M5M5256CRV 


Motorola 












NEC 


|aPD43256BCZ 


|iPD43256BGU 








Samsung 


KM62256BLP 


KM62256BLG 


KM62256BLS 


KM62256BLTG 


KM62256BLRG 


Sharp 


LH52B256 
LH51256L 


LH52B256N 
LH51256LN 


LH52B256D 


LH52B256T 


LH52B256TR 


Sony 


CXK58257AP 


CXK58257AM 


CXK58257ASP 


CXK58257ATM 


CXK58257AYM 


Standard Static RAM (1 M) 










ORGANIZATION 


128KX8, 32-pin 




PACKAGE WIDTH 


0.6 INCH DIP 


0.525 INCH SOP 


8 X 20mm TYPE 1 
TSOP (Forward) 


8 X 20mm TYPE 1 
TSOP (Reverse) 




TOSHIBA 


TC551001BP 


TC551001BF 


TC551001BFT 


TC551001BTR 




Cypress 












Fujitsu 


MB841000-P 


MB841000-PF 








Hitachi 


HM628128ALP 


HM628128ALFP 


HM628128ALT 


HM628128ALR 




Micron 












Mitsubishi 


M5M51008AP 


M5M51008AFP 


M5M51008AVP 


M5M51008ARV 




Motorola 












NEC 


^PD431000ACZ 


|iPD431000AGW 


|^PD431000AGZ 


|iPD431000AGZM 




Samsung 


KM681000BLP 


KM681000BLG 


KM681000BLT 


KM681000BLR 




Sharp 












Sony 


CXK581000P 


CXK581000M 


CXK581100TM 


CXK581100YM 
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Cross Reference 



Static RAM 



High Speed CMOS/BiCMOS Static RAM (64K) 



ORGANIZATION 


8Kx 8, 28-pin 


PACKAGE WIDTH 


0.3 INCH DIP 


3 INCH SQJ 


0.3 INCH DIP 


3 INCH SOJ 


TOSHIBA 


1 Coooor 


TC5588J 


T055Bo8P 


T055B88J 


Cypress 


OY / D 1 oo-rO 
CY7C185-PC 


OY ID] Bo-VL' 
CY7C185-VC 


UY /bl oo-rO 
CY7C185-PC 


OY/bl Bo-VL' 
CY7C185-VC 


Fujitsu 


MB81C78A-PSK 


MB81C78A-PJ 






Hitachi 










Micron 


MT5C6408 


MT5C6408DJ 


MT5C6408 


MT5C6408DJ 


Mitsubislii 


R yic Kyic i "70DD 


Molvlt) 1 /odJ 






IVIotorola 


MCM6264CP 


MCM6264CJ 


MCM6264CP 


MCM6264CJ 


NEC 


|iPD4368CR 


^PD4368LA 






Samsung 


KM6865BP 


KM6865BJ 


fvMbobobr 


fSlvlbobobJ 


Sharp 










Sony 


CXK5866P 
CXK5863BP 


CXK5866J 
CXK5863BJ 






High Speed CMOS Static RAM (72K) 






ORGANIZATION 


8Kx9, 28-pin 






PACKAGE WIDTH 


0.3 INCH DIP 


0.3 INCH SOJ 






TOSHIBA 


TC5589P 


TC5589J 






Cypress 


CY7C182-PC 


CY7C182-VC 






Fujitsu 


MB81C79A-PSK 


MB81C79A-PJ 






Hitachi 










Micron 










Mitsubislii 


M5M5179BP 


M5M5179BJ 






Motorola 


MCM6265CP 


MCM6265CJ 






NEC 


HPD4369CR 


HPD4369LA 






Samsung 










Sharp 










Sony 


CXK5972P 
CXK5971AP 


CXK5972J 
CXK5971AJ 
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static RAM 



Cross Reference 



High Speed CMOS/BiCMOS Static RAM (256K) 



ORGANIZATION 


64K X 4, 24-pin 


PACKAGE WIDTH 


0.3 INCH DIP 


0.3 INCH SOJ 


0.3 INCH DIP 


0.3 INCH SOJ 


TOSHIBA 


TC55464AP 


TC55464AJ 


TC55B464P 


TC55B464J 


Cypress 


CY7B194-PC 
CY7C194-PC 


CY7C194-VC 


CY7B194-PC 
CY7C194-PC 


CY7C194-VC 


Fujitsu 


MB81C84A-PSK 


MB81C84A-PJ 






Hitachi 


HM6208HP 


HM6208HJP 




HM6708SHJP 


Micron 


MT5C2564 


MT5C2564DJ 


MT5C2564 


MT5C2564DJ 


IVIitsubislii 


M5M5258CP 


M5M5258CJ 






Motorola 


MCM6208CP 


MCM6208CJ 


MCM6208CP 


MCM6708AJ 
MCM6208CJ 


NEC 


^PD43254BCR 


^PD43254BLA 






Samsung 










Sharp 


LH52252AD 


LH52252AK 






Sony 










High Speed CMOS/BiCIVIOS Static RAM (256K) 


ORGANIZATION 


64Kx4, 28-pin (OE) 


PACKAGE WIDTH 


0.3 INCH DIP 


0.3 INCH SOJ 


0.3 INCH DIP 


0.3 INCH SOJ 


TOSHIBA 


TC55465AP 


TC55465AJ 


TC55B465P 


TC55B465J 


Cypress 


CY7B195-PC 
CY7C195-PC 


CY7B195-VC 
CY7C195-VC 


CY7B195-PC 
CY7C195-PC 


CY7B195-VC 
CY7C195-VC 


Fujitsu 


MB82B85-PSK 


MB82B85-PJ 






Hitachi 








HM6709SHJP 


Micron 


MT5C2565 


MT5C2565DJ 


MT5C2565 


MT5C2565DJ 


Mitsubishi 


M5M5259CP 


M5M5259CJ 






Motorola 


MCM6209CP 


MCM6209CJ 


MCM6209CP 


MCM6709AJ 
MCM6209CJ 


NEC 


^PD43253BCR 


|iPD43253BLA 






Samsung 


KM64258BP 


KM64258BJ 




KM64B258AJ 


Sharp 


LH52253D 


LH52253K 






Sony 
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Cross Reference 



Static RAM 



High Speed CMOS/BiCMOS Static RAM (256K) 



ORGANIZATION 


32K X 8, 28-pin 


PACKAGE WIDTH 


0.3 INCH DIP 


0.3 INCH SOJ 


0.3 INCH DIP 


0.3 INCH SOJ 


0.3 INCH SOJ 
(3 3V) 


TOSHIBA 










1 uoo Vo^oJ 


Cypress 


CY7B199-PC 
o Y / u 1 yy-ro 


CY7B199-VC 
oY 1 yy-vo 


CY7B199-PC 
L-Y /01 yy-ro 


CY7B199-VC 
OY /o 1 yy-vu 


CY7C1399-VC 


Fujitsu 


K)IQQOQQ DCU' 

MDO^yo-rofx 










Hitachi 


UiKVIfiOOOOl 1 LJ D 






LiKXCTOOOOLJ ID 

nlvlb/ooiionJr 


HMb<:WtJO^ 


Micron 








M 1 oOfioboL/J 


M 1 oLL><:OboUJ 


IVIitsubishi 


MOIVlO^/oL'r 






»>l£r*i|cOO"7Q A 1 

IVIi)Mt3/ib/oAJ 




IVIotorola 


MCM6206DP 


MCM6206DJ 


MCI\/I6206DP 


MCM6706AJ 

MOIVlD/iUDUJ 


MCM62V06DJ 


NEC 


|iPD43258ACR 


|iPD43258ALA 








Samsung 


KI\/168257BP 


KIVI68257BJ 




KM68B257AJ 


KM68V257J 


Sliarp 


LH52258AD 


LH52258AK 








Sony 


CXK58258BP 


CXK58258BJ 








High Speed CIVIOS/BiCMOS Static RAIVI (288K) 






ORGANIZATION 




32Kx9 


, 32-pin 






PACKAGE WIDTH 


0.3 INCH DIP 


0.3 INCH SOJ 


0.3 INCH DIP 


0.3 INCH SOJ 




TOSHIBA 


TC55329AP 


TC55329AJ 


TC55B329P 


TC55B329J 




Cypress 


CY7C188-PC 


CY7C188-VC 


CY7C188-PC 


CY7C188-VC 




Fujitsu 


MB8299-PSK 


MB8299-PJ 








Hitachi 












IVIicron 












Mitsubislii 


M5M5279P 


I\/I5M5279J 




M5M52B79J 




IVIotorola 




l\/ICM6205DJ 




IV1CM6705AJ 




NEC 


|iPD43259ACR 


^PD43259ALA 








Samsung 








KM69B257AJ 




Sharp 












Sony 


CXK59288P 


CXK59288J 









High Speed CIViOS Static RAM (51 2K) 



ORGANIZATION 


32Kx 16, 40-pin 


PACKAGE WIDTH 


0.4 INCH SOJ 


TOSHIBA 


TC551632J 


Cypress 




Fujitsu 




Hitachi 




Micron 




Mitsubishi 




Motorola 




NEC 




Samsung 


KM616513J 


Sharp 




Sony 
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static RAM 



Cross Reference 



High Speed BiCMOS Static RAM (1M) 



ORGANIZATION 


256Kx4, 28-pin 


256KX4, 32-pin (OE) 








TOSHIBA 


TC55B4256J 


TC55B4257J 


Cypress 






Fujitsu 






Hitachi 




HM674256UHJ 


IVIicron 




MT5C256K4A1DJ 


iVIitsubishi 






Motorola 


MCM6728AWJ 


MCM6729AWJ 


NEC 






Samsung 




KM64B1003J 
KM641003J 


Sharp 






Sony 






High Speed BiCIVIOS Static RAIVI 


ORGANIZATION 


128Kx8, 32-pin 




PACKAGE WIDTH 


0.4 INCH SOJ 




TOSHIBA 


TC55B8128J 




Cypress 






Fujitsu 






Hitachi 


HM678127UHJ 
HM628127HJP 




Micron 


MT5C128K8A1DJ 




Mitsubishi 






Motorola 


MCM6726AWJ 




NEC 


HPD431008LE 




Samsung 


KM68B1002J 
KM681002J 




Sharp 






Sony 


CXK581120J 
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Cross Reference 



Static RAM 



High Speed CMOS Static RAM (1M) 



ORGANIZATION 


64Kx 16, 44-pin 


PACKAGE WIDTH 


0.4 INCH SOJ 


0.4 INCH SOJ (3.3V) 


TYPE II TSOP 
(Forward) (3.3V) 




TC551664J 


TC55V1664J 


TC55V1664FT 


CyprGss 








Fujitsu 








niiacni 


HM621664HJP 






Micron 


MT5C64K16A1DJ 


MT5LC64K16D4DJ 


MT5LC64K16D4TG 


^/litcI iKIchi 

IVIIloUL/iOl 11 




M5M5V1B016J 


M5M5V1B016TP 


Motorola 








NEC 


HPD431016LE 






Samsung 


KM6161002J 






Sharp 








Sony 









High Speed CMOS Static RAM (1.1 25M) 



ORGANIZATION 


64Kx18, 44-pin 


PACKAGE WIDTH 


0.4 INCH SOJ 
(3.3V) 


TYPE II TSOP 
(Forward) (3.3V) 


TOSHIBA 


TC55V1864J 


TC55V1864FT 


Cypress 






Fujitsu 






Hitachi 






Micron 






Mitsubishi 


M5M5V1B018J 


M5M5V1B018TP 


Motorola 






NEC 






Samsung 






Sharp 






Sony 







High Speed CMOS Static RAM (4M) 



ORGANIZATION 


4IVIx1, 32-pin 


1M x4, 32-pin 


PACKAGE WIDTH 


0.4 INCH SOJ 


0.4 INCH SOJ 


TOSHIBA 


TC551402J 


TC551402J 


Cypress 






Fujitsu 


MB82B201-PJ 


MB82B201-PJ 


Hitachi 




HM674100HJP 


Micron 




MT5C1M4B2DJ 


Mitsubishi 






Motorola 




MCM6249WJ 


NEC 


HPD434001LE 


|iPD434004LE 


Samsung 




KM644002J 


Sharp 






Sony 
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static RAM 



Cross Reference 



High Speed Synchronous St atic RAIVI (1 M) 



ORGANIZATION 


256K X 4, 36-pin 


PACKAGE WIDTH 


0.4 INCH SOJ 


TOSHIBA 


TC55BS4258J 


Cypr6ss 




Fujitsu 




Hitachi 


HM67A4257JP 


IVIIOI \JI 1 




Mitsubishi 




Motorola 


MCM67Q804WJ 


NEC 




Samsung 


KM741006J 


Sharp 




Sony 


CXK77410J 
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Cross Reference 



Static RAM 



Pseudo Static RAM (256K) 



ORGANIZATION 


32Kx8, 28-pin 


PACKAGE WIDTH 


0.6 INCH DIP 


0.45 INCH SOP 


0.3 INCH DIP 


TOSHIBA 


TC51832AP 


TC51832AF 


TC51832ASP 


f^V/nrpcc 
y^yfji coo 








Pi liitQi 1 








Hitarhi 

1 1 1 LCIV/I II 


HM65256BP 


HM65256BFP 


HM65256BSP 


IVIIWI KJI t 








Mitsubishi 








Motorola 








NEC 








Samsung 








Sliarp 


LH5P832 


LH5P832N 


LH5P832D 


Sony 









Pseudo Static RAM (1 M) 



ORGANIZATION 


128KX 8, 32-pin 


PACKAGE WIDTH 


0.6 INCH DIP 


0.525 INCH SOP 


8 X 20mm TYPE 1 
TSOP (Forward) 


TOSHIBA 


TC518128CP 


TC518128CFW 


TC518128CFT 


Cypress 








Fujitsu 








Hitachi 








Micron 








Mitsubishi 








Motorola 








NEC 








Samsung 








Sharp 


LH5P8128 


LH5P8128N 


LH5P8128T 


Sony 









Pseudo Static RAM (1 M) 



ORGANIZATION 


128KX 8, 32-pin (CE/CS) 


PACKAGE WIDTH 


0.6 INCH DIP 


0.45 INCH SOP 


0.525 INCH SOP 


8x2QmmTYPEI 
TSOP (Forward) 


TOSHIBA 


TC518129CP 


TC518129BF 


TC518129CFW 


TC518129CFT 


Cypress 










Fujitsu 










Hitachi 


HM658128ALP 




HM658128ALFP 


HM658128ALT 


Micron 










Mitsubishi 










Motorola 










NEC 










Samsung 


KM658128P 


KM658128G 


KM658128G 




Sharp 


LH5P8129 




LH5P8129N 


LH5P8129T 


Sony 
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static RAM 



Cross Reference 



Pseudo Static RAM (4M) 



ORGANIZATION 


512KX8, 32-pin 


PACKAGE WIDTH 


0.6 INCH DIP 


0.525 INCH SOP 


0.4 INCH TYPE II 
TSOP (Forward) 


0.4 INCH TYPE II 
TSOP (Reverse) 


TOSHIBA 


TC518512P 


TC518512F 


TC518512FT 


TC518512TR 


Cypress 










Fujitsu 










Hitachi 


HM658512LP 


HM658512LFP 


HM658512LTT 


HM658512LRR 


Micron 










Mitsubishi 










Motorola 










NEC 










Samsung 










Sharp 










Sony 
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Cross Reference Static RAM 



14 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



static RAM 



Package 



Package 



Dual in-Line Package (DIP) 



PACKAGE NAME 


DEVICE GROUP 


DEVICE NAME 


DIP24-P-300B 






DIP28-P-300B 


statin RAM 


1 \J\JyJ^\J 1 UOi , 1 \^^\J^\J I won 


High Speed SRAM 


Tn*^c;ftRP THR'^RftftP TP.R^RQP TC.^RdR^AP TP^^R4fi*^P TP'^^^'^PftAP 

TC55B328P 


Pseudo SRAM 


TC51832ASP 


DIP28-P-600 


Static RAM 


TC55257BP, TC55257CP 


Pseudo SRAM 


TC51832AP 


DIP32-P-300 


High Speed SRAM 


TC55329AP, TC55B329P 


Pseudo SRAM 


TC518128ASR TC518129ASP TC518128BSP, TC518129BSP, TC518128CSP 


DIP32-P-400 


High Speed SRAM 


TC55B8128P 


DIP32-P-600 


Static RAM 


TC551 001 AP, TC551 001 BP 


Pseudo SRAM 


TC51864P TC518128AP, TC518129AP, TC518128BP, TC518129BP, 
TC51 81 28CP, TC51 81 29CP, TC51 851 2P 
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Package 



Static RAM 



DIP24-P-300B 




0.93TYP 



1 .2±0.1 



30.3MAX 



29.8±0.2 



2.54 



1.2±0.1 




0.5±0.1 




z 



■ W0.25@l 



DiP28-P-300B 



28 



,95±0.1 



35.4MAX 



34.9+0.2 



0.94TYP [2!54l 



15 



14 




1 .2±0.1 



0.5±0.1 




.Q_ S 



1^0-25®! 



16 
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static RAM 



Package 



DIP28-P-600 



28 

|— 1 r-i r-i m r-i 



r—i r-i i—i r-1 1-1 l—L f-l 



15 



L-l 1— i l_J l_l I— I I— I 
1 



14 




37.5MAX 




DIP32-P-300 



32 



17 



16 




40.5MAX 




i^0.25(M) 
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Package 



Static RAM 



DIP32-P-400 



17 



16 



40.5MAX 





0.95TYP 



DIP32-P-600 




1^0.25 Cm) 
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static RAM 



Package 



Small Outline L-lead Package (SOP) 



PACKAGE NAME 


DEVICE GROUP 


DEVICE NAME 


SOP28-P-450 


Static RAM 


TC55257BF, TC55257CF 


Pseudo SRAM 


TC51832AF 


SOP32-P-450 


Pseudo SRAM 


TC51 81 28AF, TC51 81 29AF, TC51 81 28BF, TC51 81 29BF, TC51 81 28CF 


SOP32-P-525 


Static RAM 


TC551001AF TC551001BF 


Pseudo SRAM 


TC51864F TC518128AFW, TC518129AFW, TC518128BFW, TC518129BFW, 
TC518128CFW, TC518129CFW, TC51V8512AF 


SOP40-P-525 


Pseudo SRAM 


TC511632F 
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Package 



Static RAM 



SOP28-P-450 




19.0MAX 



18.5±0.2 



^lo-il 




SOP32-P-450 



0.775TYP 



II 



mzi 



mn 



16 



0.35±0.1| 



j0.25(M)| 



21.1 MAX 



20.6±0.2 



103 




20 
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static RAM 



Package 



SOP32-P-525 



32 



0.775TYP 



11 



17 



[HZ] 



16 



0.3±0.1 



j0.25@| 



21.1 MAX 



20.6+0.2 



c.0.1 




SOP40-P-525 




0.785TYP 



mmmTTTmiim 

1 I 20 



013 



0.35±0.1 



26.2MAX 



25.710.2 



-{MM 
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Package 



Static RAM 



Small Outline J-lead Package (SOJ) 



PAuKAGE NAME 


□ EViUE GROUP 


DcvlCE NAME 


SOJ24-P-300A 


High Speed SRAM 


TC55464AJ, TC55B464J 


SOJ28-P-300A 


High Speed SRAM 


TC5588J, TC55B88J, TC5589J, TC55465AJ, TC55B465J, TC55328AJ, 

1 f 1 woo V o^ou 


SOJ28-P-400 


High Speed SRAM 


TC55B4256J 


SOJ32-P-300 


High Speed SRAM 


TC55329AJ, TC55B329J 


SOJ32-P-400A 


High Speed SRAM 


TC55B4257J, TC55B8128J, TC551402J 


SOJ36-P-400 


High Speed SRAM 


TC554101J, TC55BS4258J, TC55BS8125J 


SOJ40-P-400 


High Speed SRAM 


TC551632J, TC55BS8128J 


SOJ44-P-400 


High Speed SRAM 


TC551664J, TC55V1664J, TC55V1864J 
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static RAM 



Package 



SOJ24-P-300A 



24 

I— I r-1 i—i i—l r-| 



13 

1—1 m r-i f— I I— I r—i r-|- 



5 



LJ U LJ LJ 
1 



l—l LJ LJ LJ L_l- 

12 



CVJO 



16.3MAX 



15.88±0.12 



0.71 



+0.1 
-0.05 




^o-K).07 




SOJ28-P-300A 




18.84MAX 



18.42±0.12 



71 ^■'^ 
-0.05 




0.43 



+0.07 



^S ^0.18(M')i 



UNIT in mm 



o 
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Package 



Static RAM 



SOJ28-P-400 



28 

1-11-1 r-i n n 



r-i i-i r-i r-i r-1 m r-i 



15 



LJL-ILJUL-ILJ I -IUUUULJU : 
1 14 



1 8.84MAX 



18.42±0.12 



mm 



0.71 ±0.1 



rn27 



M0.1 



0.4310.1 



I0|O.18(M)I 



CM 



SOJ32-P-300 




21 .38MAX 



20.96±0.12 



0.7110.1 



olO.I 



mmmmNWM 



0.43±0.1 



11-271 



?? 



24 
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static RAM 



Package 



SOJ32-P-400A 



SOJ36-P-400 



32 



17 



Q. n nnrnr-ir-ir-ir-ir-ii-ir-irir-ir-ir-i- 



9 



D U U U U U U U U U U U U U 
1 16 

21 .42MAX 



1.27 



21.0±0.12 




0.7110.1 



O0.1 



0.43±0.1 




11.27 



23.92MAX 



23.5±0.12 



71 

^^■'^ -0.05 




0.43 



+0.07 
-0.02 



t0jO.18@| 
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Package 



Static RAM 



SOJ40-P-400 



40 21 



Li 



UlL-JL-l LJULJLJLJLJLJl-JUl-JI-JUUULJLJUJ . 
1 20 

26.46MAX 



26.04±0.12 



0.7110.1 




MM 



0.43±0.1 



■r-C3 

9f 



SOJ44-P-400 



44 23 

,nnnnnnnnnnnnnnnnnnnnnn: 




UUUUUUUU U"U U U'U uuuuuuuu u_ 
1 22 ^gl 

9? 



29.0MAX 
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static RAM 



Package 



Thin Small Outline L-lead Package (TSOP I) 



PACKAGE NAME 


DEVICE GROUP 


DEVICE NAME 


TSOP28-P 


Static RAM 


TC55257BFT, TC55257CFT 


TSOP28-P-A 


Static RAM 


TC55257BTR, TC55257CTR 


TSOP32-P-0820 


Static RAM 


TC551001AFT, TC551001BFT 


Pseudo SRAM 


TC518128AFT, TC518129AFT, TC518128BFT, TC518129BFT, TC518128CFT, 
TC518129CFT 


TSOP32-P-0820A 


Static RAM 


TC551001ATR, TC551001BTR 
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Package 



Static RAM 



TSOP28-P 

oo 
p 
d 

1 



TSOP28-P-A 




0.5±0.1 
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static RAM 



Package 



TSOP32-P-0820 




0.5±0.1 

TSOP32-P-0820A 




0.510.1 
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Package 



Static RAM 



Thin Small Outline L-lead Package (TSOP II) 



PACKAGE NAME 


DEVICE GROUP 


DEVICE NAME 


TSOP32-P-400 


Pseudo SRAM 


TC518512FT 


TSOP32-P-400A 


Pseudo SRAM 


TC518512TR 


TSOP44-P-400 


High Speed SRAM 


TC55V1664FT, TC55V1864FT 


TSOP44-P-400B 


Pseudo SRAM 


TC5511632FT 


TSOP54-P-400 


Static RAM 


TC554161FT 


TSOP54-P-400A 


Static RAM 


TC554161TR 
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static RAM 



Package 



TSOP32-P-400 



32 17 




1^0-21 Cm) 



21 .35MAX 



20.95±0.1 



Mm] 



i 




0.5±0.1 



TSOP32-P-400A 



16 

B a a H H' 




0.95TYP 



17 
0.4±0.1 



21 .35MAX 





0.5±0.1 
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Package 



Static RAM 




TSOP44-P-400B 




l0iO.13(M)l 



18.81 MAX 



18.41 ±0.1 



^0.1 




0.5±0.1 



32 
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static RAM 



Package 



TSOP54-P-400 



0.71TYP 



54 28 

JJJJJLiJJJJliMMMlMJJmBi 




rmTT 



Ywmwwwwwwm. 

27 



22.62MAX 




0.510.1 



TSOP54-P-400A 



0.71 TYP 



MMJJMMlMMJJLmiMliM 




roreTHT 

54 



m 



MTrBTermTHTHTfi: 

28 

0.32±0.08 |^ | 0^3(P^ 



22.62MAX 




0.5±0.1 
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static RAM 



Notes 
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standard SRAM 



standard Static RAM 



Density Organization Package Speed (ns) Features Page 

TC55257B 256K 32K x 8 P, F, SR FT, TR 85, 1 00 A-1 

TC55257B-L 256K 32K x 8 P, F SR FT, TR 85, 1 00 Low Power A-9 

TC55257B-(LT) 256K 32K x 8 R F, SR FT, TR 85, 1 00 Low Temp A-1 7 

TC55257B-L(LT) 256K 32K x 8 R F SR FT, TR 85, 100 Low Power/Low Temp. ..A-25 

TC55257B-L(LV) 256K 32K x 8 R F SR FT, TR 85, 1 00 Low Rower/Low Volt ....A-33 

TC55257BI-L 256K 32K x 8 R F, SR FT, TR 1 00 Ind.Temp/Low Power.... A-43 

TC55257C 256K 32K x 8 R F SR FT, TR 70, 85, 1 00 A-51 

TC55257C-L. 256K 32K x 8 R F SR FT, TR 70, 85, 100 Low Power A-59 

TC55257CI 256K 32K x 8 R F SR FT.,TR 85, 1 00 Industrial Temp A-67 

TC55257CI-L 256K 32K x 8 R F SR FT, TR 85, 1 00 Ind. Temp./Low Power.. .A-75 

TC551001A-(LT) 1M 128Kx8 R F FT, TR 70, 85, 100 Low Temp A-83 

TC551001A-L(LT) 1M 128Kx8 R F, FT, TR 70, 85, 100 Low Power/Low Temp... A-91 

TC551001A-L(LV) 1M 128Kx8 R F FT, TR 70, 85, 100 Low Power/Low Volt A-99 

TC551001AI 1M 128Kx8 R F FT, TR 85, 100 Industrial Temp A- 109 

TC551001AI-L 1 M 128K x 8 R F FT, TR 85, 100 Ind. Temp./Low Rower ..A-1 17 

TC551001B 1M 128Kx8 R F FT, TR 70, 85, 100 A-125 

TC551 001 B-L 1 M 1 28K x 8 R F FT, TR 70, 85, 1 00 Low Power A-1 33 

TC554161 4M 256Kx 16 FT, TR 70, 85, 100 A-1 41 

TC5541 61 -L 4M 256K x 1 6 FT, TR 70, 85, 1 00 Low Power A-1 49 



Package: P = Plastic DIR F = Flat package (SOP), SR = Slim Plastic DIR FT = Forward bend TSOR TR = Reverse bend TSOP 



TOSHIBA 



TC55257BPL/BFL/BSPL/BFrL/BTRL-85/10 



SILICON GATE CMOS 



32,768 WORD x 8 BIT STATIC RAM 



Description 

The TC55257BPL is a 262,1 44 bit CMOS static random access memory organized as 32,768 words by 8 bits and operated from a 
single 5V power supply Advanced circuit techniques provide both high speed and low power features with an operating current of 
5mA/MHz (^.) and a minimum cycle time of 85ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 100nA. The 
TC55257BPL has two control inputs. Chip enable (C^ allows for device selection and data retention control, while an output 
enable input (OE) provides fast memory access. The TC55257BPL is suitable for use in microprocessor systems where high 
speed, low power, and battery backup are required. 

The TC55257BPL is offered in a standard dual-in-line 28-pin plastic package (0.6/0.3 inch width), a small outline plastic pack- 
age, and a thin small outline plastic package (forward type, reverse type). 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
1 0OioA (max.) 



Pin Connection (Top View) 

o 28 PIN DIP & SOP o 28 PIN TSOP 





TC55257BPL/BFL/BSPL/BFTL/BTRL 




-85 


-10 


Access Time 


85ns 


100ns 


Chip Enable 
Access Time 


85ns 


100ns 


Output Enable Time 


45ns 


50ns 


• Power down feature: 


CE 





A14 
A12 C 



A4 
A3 

A2C 
A1 [ 
AO [ 
1/01 C 
I/02 C 
1/03 C 
GND [ 



] (VW 
] A13 
]a8 
]a9 
] Al^l 
] OE 
] A10 
]« 
] 1/08 
3 1/07 
] I/06 
] I/OS 
] 1/04 



(forward type) (reverse type) 



• Data retention supply voltage: 2.0 

• Inputs and outputs TTL compatible 



5.5V 





Package 



Pin Names 



TC55257BPL 

TC55257BFL 

TC55257BSPL 

TC55257BFTL 

TC55257BTRL 



DIP28-P-600 

SOP28-P-450 

DIP28-P-300B 

TSOP28-P 

TSOP28-P-A 



AO ~ A14 


Address Inputs 




R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


1/01 ~ 1/08 


Data InpufOutput 


Vdd 


Power (+5V) 


GND 


Ground 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


PIN NAME 


OE 


Aii 


Ag 


As 


Ai3 


R/W 


Vdd 


Al4 


Al2 


Ay 


Ae 


As 


A4 


A3 


PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


PIN NAME 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 


CE 


A10 
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A-1 



TC55257BPL/BFL/BSPL/BFTL/BTRL-85/10 Static RAM 



Block Diagram 




Operating Mode 



PIN 

IWODE ^^^^^-^ 


CE 


OE 


R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


L 


H 


Dqut 


boo 


Write 


L 




L 




boo 


Output Deselect 


L 


H 


H 


High-Z 


'ddo 


Standby 


H 






High-Z 


bos 



HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V,/o 


Input and Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1 .0/0.8/0.6** 


w 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


TSTRG 


Storage Temperature 


-55 - 150 


°C 


"•"OPR 


Operating Temperature 


0-70 


°C 



* -3.0V with a pulse width of 50ns 

** Package dependent; 0.6 inch 1 ,0W, 0.3 inch 0.8W, 0.45 inch 0.6W 
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static RAM TC55257BPL/BFL/BSPUBFTUBTRL-85/10 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.3 


V|L 


Input Low Voltage 


-0.3* 




0.8 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 50ns 



DC Characteristics CTa = ~ 70°C, Vqq = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


Mill 


TVP 

1 Ir. 


mnA. 


UNIT 


111 


Input Leakage Current 


V|n = 0~Vdd 






±1.0 


HA 


Ilo 


Output Leakage Current 


^ = V|H or FVW = V|L or ?5E = V|h 
Vout = 0~Vdd 






±1.0 




■oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CE = V|L 
R/W = V,H 

Other Input = V|h/V|l 
Iqut = 0mA 


tcycle = 1^S 




10 




mA 


tcycie = Min. cycle 






70 


'dD02 


CE = 0.2V 

R/W = Vdd - 0.2V 

Other Input 

= Vdd - 0.2V/0.2V 
Iqut = 0mA 


tcycle= ItiS 




5 




tcycie = Min- cyde 






60 


'ddsi 


Standby Current 


CE = V|H 






3 


mA 


'dDS2 


CE = Vdd - 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = ~ 70°C 






100 


jiA 


Ta = 25°C 




2 





Capacitance* (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V,N = GND 


10 




Cqut 


Output Capacitance 


VouT = GND 


10 



*This parameter is periodically sampled and is not 100% tested. 
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TC55257BPL/BFL/BSPL/BFTL/BTRL-85/10 



Static RAM 



AC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



Read Cycle 







TC55257BPL/BFL/BSPL/BFTL/BTRL 




OilVIDUL 


PARAMPTFR 


-85 


-10 


IIMIT 
uni 1 






MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


85 




100 






^ACC 


Address Access Time 




85 




100 




tco 


CE Access Time 




85 




100 




tOE 


Output Enable to Output in Valid 




45 




50 




tcOE 


Chip Enable (CE) to Output in Low-Z 


10 




10 




ns 


toEE 


Output Enable to Output in Low-Z 


5 




5 






^OD 


Chip Enable (CE) to Output in High-Z 




30 




50 




to DO 


Output Enable to Output in High-Z 




30 




40 




toH 


Output Data Hold Time 


10 




10 







Write Cycle 







TC55257BPL/BFL/BSPL/BFTL/BTRL 




SYMBOL 


PARAMETER 


-85 


-10 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 




twc 


Write Cycle Time 


85 




100 








Write Pulse Width 


60 




70 






tew 


Chip Selection to End of Write 


65 




90 






tAS 


Address Setup Time 














twR 


Write Recovery Time 


5 




5 




ns 


k>D\N 


R/W to Output in High-Z 




30 




50 




toEW 


R/W to Output in Low-Z 


5 




5 






tps 


Data Setup Time 


40 




40 








Data Hold Time 















AC Test Conditions 



Input Pulse Levels 


2.4V/0.6V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


2.2V/0.8V 


Output Timing Measurement Reference Levels 


2.2V/0.8V 


Output Load 


1 TTL Gate and Cl= lOOpF 
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static RAM TC55257BPL/BFL/BSPL/BFTL/BTRL-85/10 



Timing Waveforms 
Read Cycle 



ADDRESSES 



■'OUT 




UNKNOWN 



Write Cycle 1 ^"^^ (R/W Controlled Write) 



ADDRESSES 



Ryw 



DoUT 



Din 
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TC55257BPL/BFL/BSPL/BFTLyBTRL-85/10 



Static RAM 



Write Cycle 2 (CE Controlled Write) 



ADDRESSES 



R/W 



DouT 



twc 




Notes: 



1 . FVW is high for read cycles. 

2. if the CE low transition occurs coincident with or after the R/W low transition, outputs remain in a high impedance 
state. 

3. If the CE high transition occurs coincident with or prior to the FVW high transition, outputs remain 
in a high impedance state. 



4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 
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static RAM TC55257BPL/BFL/BSPUBFrUBTRL-85/10 



Data Retention Characteristics (Ta = ~ 70°C) 



SYIMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


IdDS2 


Standby Current 


Vdh = 3.0V 






50 


HA 


Vdh = 5.5V 






100 


tCDR 


Chip Deselect to Data Retention Mode 









[IS 


tR 


Recovery Time 


tRC(1) 







Note (1): Read Cycle Time 

CE Controlled Data Retention IVIode 




GND 



Note (2): If the V|h of CE Is 2.2V In operation, Iqdsi current flows during the period that the Vqq voltage Is going down from 4.5V to 2.4V. 
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static RAM 



Notes 



A-8 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TOSHIBA 



TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L 



SILICON GATE CMOS 



32,768 WORD x 8 BIT STATIC RAM 



Description 

The TC55257BPL is a 262,1 44 bit CMOS static random access memory organized as 32,768 words by 8 bits and operated from a 
single 5V power supply Advanced circuit techniques provide both high speed and low power features with an operating current of 
5mA/MHz {typ.) and a minimum cycle time of 85ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 2\iA at room tem- 
perature. The TC55257BPL has two control inputs. Chip enable (C^ allows for device selection and data retention control, while an 
output enable input (OE) provides fast memory access. The TC55257BPL is suitable for use in microprocessor systems where high 
speed, low power, and battery backup are required. 

The TC55257BPL is offered in a standard dual-in-line 28-pin plastic package (0.6/0.3 inch width), a small outline plastic pack- 
age, and a thin small outline plastic package (forward type, reverse type). 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
2\xA (max.) at Ta = 25°C 



Pin Connection (Top View) 

(forward type) (reverse type) 





TC55257BPL/ 
BFL/BSPL/BFTL/ 
BTRL-85L 


TC55257BPL/ 
BFL/BSPL/BFTL/ 
BTRL-10L 


Access Time 


85ns 


100ns 


Chip Enable Access Time 


85ns 


100ns 


Output Enable Time 


45ns 


50ns 



Power down feature: CE 

Data retention supply voltage: 2.0 ~ 5.5V 

Inputs and outputs TTL compatible 



A14 


C 


1 


28 


] 


Voo 


A12 


c 


2 


27 


3 


R/W 


A7 


c 


3 


26 


] 


A13 


A6 


c 


4 


25 


] 


A8 


AS 


[ 


5 


24 


] 


A9 


A4 


c 


6 


23 


] 


A1_1 


A3 


c 


7 


22 


3 


OE 


A2 


c 


8 


21 


3 


A10 


A1 


c 


9 


20 


3 


CE 


AO 


c 


10 


19 


3 


1/08 


1/01 


c 


11 


18 


3 


1/07 


1/02 


c 


12 


17 


3 


I/06 


1/03 


[ 


13 


16 


3 


1/05 


GNO 


[ 


14 


IS 


3 


1/04 





Package 



Pin Names 



TC55257BPL 

TC55257BFL 

TC55257BSPL 

TC55257BFTL 

TC55257BTRL 



DIP28-P-600 

SOP28-P-450 

DIP28-P-300B 

TSOP28-P 

TSOP28-P-A 



AO ~ A14 


Address Inputs 




R/W 


Read/Write Control Input 


UE 


Output Enable Input 


CE 


Chip Enable Input 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


PIN NAME 


OE 


Aii 


Ag 


As 


Al3 


R/W 


Vdd 


Al4 


Al2 


Ay 


Ae 


As 


A4 


A3 


PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


PIN NAME 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 


CE 


A10 
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TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L Static RAM 



Block Diagram 



A5 
A60 
A70 
A8«> 
A90 
Alio 
A120 
AI30 
A140 



1/01 O 



I/08O 



R/W 



CEo 




0E° 



Operating Mode 



PIN 

MODE ^"^---^.^^^^ 


CE 


OE 


R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


L 


H 


Dqut 


'ddo 


Write 


L 




L 


D|N 


'ddo 


Output Deselect 


L 


H 


H 


High-Z 


boo 


Standby 


H 






High-Z 


'dds 



HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/0 


Input and Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1 .0/0.8/0.6** 


w 


TsOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


TsTRG 


Storage Temperature 


-55 ~ 150 


°C 


"•"OPR 


Operating Temperature 


0-70 


°C 



-3.0V with a pulse width of 50ns 

Package dependent: 0.6 inch 1 .OW, 0.3 inch 0.8W, 0.45 inch 0.6W 
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static RAM TC55257BPUBFL/BSPUBFTL/BTRL-85L/10L 



DC Recommended Operating Conditions 



SYMBOL 


PARAIMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 




Vdd + 0.3 


VlL 


Input Low Voltage 


-0.3* 




0.8 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 50ns 



DC Cliaracteristics fTa = ~ 70°C, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 




Input Leakage Current 


V|N = ~ Vdd 






±1 .U 


■ 1 A 

HA 


Ilo 


Output Leakage Current 


CE = V|H or FVW = V|l or OE = V|h 
Vqut = ~ Vqd 






±1.0 


^A 


Iqh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CE = V,L 
RM = V|H 

Other Input = V|h/V|l 
louT = 0mA 


^cycle - 1 




10 




mA 


tcycle = Min. cycle 






70 


IdD02 


CE = 0.2V 

R/W = Vdd - 0.2V 

Other Input 

= Vdd - 0.2V/0.2V 
Iqut = 0mA 


^cycle = 1 




5 




tcycie = Min. cycle 






60 


'ddsi 


Standby Current 


UE = V|H 






3 


mA 


'dDS2 


CE = Vdd - 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = ~ 70°C 






30 


ma 


Ta = 25°C 






2 


Capacitance* (Ta = 25°C, f = IMHz) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 






Input Capacitance 


V|N = GND 


10 


pF 


CoUT 


Output Capacitance 


VouT = GND 


10 



"This parameter is periodically sampled and is not 100% tested. 
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TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L Static RAM 



AC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



Read Cycle 







TC55257BPL/BFL/BSPL/BFTL/BTRL 




SYMBOL 


PARAMETER 


-85L 


-10L 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


85 




100 






^ACC 


Address Access Time 




85 




100 




tco 


CE Access Time 




85 




100 




toE 


Output Enable to Output in Valid 




45 




50 




tcOE 


Chip Enable (CE) to Output in Low-Z 


10 




10 




ns 


toEE 


Output Enable to Output in Low-Z 


5 




5 






ho 


Chip Enable (CE) to Output in High-Z 




30 




50 




toDO 


Output Enable to Output in High-Z 




30 




40 






Output Data Hold Time 


10 




10 







Write Cycle 







TC55257BPL/BFL/BSPL/BFTL/BTRL 




SYMBOL 


PARAMETER 


-85L 


-10L 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 




two 


Write Cycle Time 


85 




100 






twp 


Write Pulse Width 


60 




70 






tew 


Chip Selection to End of Write 


65 




90 






tAS 


Address Setup Time 














twR 


Write Recovery Time 


5 




5 




ns 


toDW 


R/W to Output in High-Z 




30 




50 




toEW 


R/W to Output in Low-Z 


5 




5 






tos 


Data Setup Time 


40 




40 








Data Hold Time , 















AC Test Conditions 



Input Pulse Levels 


2.4V/0.6V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


2.2V/0.8V 


Output Timing Measurement Reference Levels 


2.2V/0.8V 


Output Load 


1 TTLGate and Cl= lOOpF 
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Static RAM TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L 



Timing Waveforms 
Read Cycle 



ADDRESSES 



DouT 




UNKNOWN 



Write Cycle 1 (R/W Controlled Write) 



ADDRESSES 



R/W 



DouT 



Din 
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TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L Static RAM 



Write Cycle 2 (CE Controlled Write) 



twc 



ADDRESSES 



R/W 



DOUT 



Din 




Notes; 



1 . R/W is high for read cycles. 

2. If the CE low transition occurs coincident with or after the R/W low transition, outputs remain in a high impedance 
state. 

3. If the CE high transition occurs coincident with or prior to the R/W high transition, outputs remain 
in a high impedance state. 



4. If CE is high during a write cycle, the outputs are in a high impedance state during this period. 
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Static RAM TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L 



Data Retention Characteristics (Ta = ~ 70°C) 



SYIVIBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






20 




Vdh = 5.5V 






30 


tCDR 


Chip Deselect to Data Retention Mode 











tR 


Recovery Time 


tRC(1) 







Note (1): Read Cycle Time 

CE Controlled Data Retention Mode 




GND ■ ■ 

Note (2): If the V|h of CE is 2.2V in operation, Iddsi current flows during the period that the Vqd voltage is going down from 4.5V to 2.4V 
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static RAM 



Notes 
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TOSHIBA 



TC55257BPL/BFL/BSPL/BFTL/BTRLW10(LT) 



SILICON GATE CMOS 

32,768 WORD x 8 BIT STATIC RAM 

Description 

The TC55257BPL is a 262, 1 44 bit CMOS static random access memory organized as 32,768 words by 8 bits and operated from a 
single 5V power supply. Advanced circuit techniques provide both high speed and low power features with an operating current of 
5mA/MHz (typ.) and a minimum cycle time of 85ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 2|iA at room tem- 
perature. The TC55257BPL has two control inputs. Chip enable (CE) allows for device selection and data retention control, while an 
output enable input (OE) provides fast memory access. The TC55257BPL is suitable for use in microprocessor systems where high 
speed, low power, and battery backup are required. The TC55257BPL-(LT) has an operating temperature range of -20 ~ 7CPC so it 
is suitable for use in low temperature applications. 

The TC55257BPL is offered in a standard dual-in-line 28-pin plastic package (0.6/0.3 inch width), a small outline plastic pack- 
age, and a thin small outline plastic package (forward type, reverse type). 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.; 
1 0OnA (max.) 



Pin Connection (Top View) 

(forward type) 



( reverse type ) 





TC55257BPL/ 
BFL/BSPL/BFTL/ 
BTRL-85(LT) 


TC55257BPL/ 
BFL/BSPL/BFTL/ 
BTRL-IO(LT) 


Access Time 


85ns 


100ns 


Chip Enable Access Time 


85ns 


100ns 


Output Enable Time 


45ns 


50ns 



Power down feature: CE 
Data retention supply voltage: 
Wide operating temperature: 
Inputs and outputs TTL compatible 



2.0- 
-20 



5.5V 
70°C 











] 




A14 


c 


1 


28 


Voo 


A12 


c 


2 


27 


3 


RAV 


A7 


c 


3 


26 




A13 


AS 


c 


4 


25 




A8 


AS 


c 


5 


24 


] 


A9 


A4 


c 


6 


23 


] 


Al^l 


A3 


[ 


7 


22 


] 


OE 


A2 


c 


8 


21 


] 


AID 


A1 


c 


9 


20 


] 


CE 


AO 


c 


10 


19 


] 


t/08 


1/01 


c 


11 


18 


] 


1/07 


1/02 


c 


12 


17 


] 


I/06 


1/03 


[ 


13 


16 


] 


t/05 


GND 




14 


IS 


3 


1/04 





Package 



Pin Names 



TC55257BPL(LT) 

TC55257BFL(LT) 

TC55257BSPL(L"T1 

TC55257BFTL(LT) 

TC55257BTRL(LT) 



DIP28-P-600 

SOP28-P-450 

DIP28-P-300B 

TSOP28-P 

TSOP28-P-A 



AO ~ A14 


Address Inputs 




R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


PIN NAME 


OE 


Aii 


Ag 


As 


Ai3 


R/W 


Vdd 


Al4 


Al2 


Ay 


As 


As 


A4 


A3 


PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


PIN NAME 


A2 


Ai 


Ao 


1/01 


1/02 


I/03 


GND 


1/04 


1/05 


1/06 


I/07 


1/08 


CE 


A10 
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TC55257BPLyBFL/BSPLyBFTLyBTRL-85/10(LT) Static RAM 



Block Diagram 



A5 0- 
A60- 
A70- 
A80- 
A90- 
AllO 
A120- 
A130- 
AUO- 



Ul Ul 

O «A 

o - 
< o 



§8 

< u 



MEMORY CELL 
ARRAY 
S12x32x16 
(262144) 



1/01 O- 
o- 
o- 

' t 

o- 
o 

UOQO- 



c 



o 

»- 

< 

O 2 

—I Ui 



I—- 32— -1 



SENSE AMP. 



COLUMN ADDRESS 
DECODER 

T 




R/W' 



06<^O 



A0A1 A2 A3 A4A10 



CEo- 




CE 



Operating Mode 



IVIODE 



Read 
Write 



Output Deselect 
Standby 

hi or L 



CE 



OE 



R/W 



1/01 ~ 1/08 



-"OUT 



Dm 



High-Z 



High-Z 



POWER 



'ddo 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/0 


Input and Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1 .0/0.8/0.6** 


w 


^SOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


T STRG 


Storage Temperature 


-55 ~ 150 


°C 


Tqpr 


Operating Temperature 


-20 ~ 70 





3,()V with a pulse widtli of 50ns 

Package dependent: 0.6 inch 1 .OW, 0.3 inch 0.8W, 0.45 inch 0.6W 
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static RAM TC55257BPUBFLyBSPL/BFTL/BTRL-85/10(LT) 



DC Recommended Operating Conditions 



SYIVIBOL 


PARAMETER 


MIN. 


TYP. 


IVIAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.4 




Vdd + 0-3 


V,L 


Input Low Voltage 


-0.3* 




0.6 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse widtli of 50ns 



DC Characteristics (Ta = -20 - 70°C, Vqd = 5V±10%) 



SYIVIBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


III 


Input Leakage Current 


V|N = ~ Vdd 






±1.0 


HA 


Ilo 


Output Leakage Current 


CE = V|H or R/W = V|L or OE = V|h 
Vqut = ~ Vdd 






±1.0 


^A 


Iqh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CE = V|L 
R/W = V|H 

Other Input = V|h/V|l 
Iqut = 0mA 


^cycle ~ ^ 




10 




mA 


tcycie = Min. cycle 






70 


'dD02 


CE = 0.2V 

R/W = Vdd - 0.2V 

Other Input 

= Vdd - 0.2V/0.2V 
Iqut = 0mA 


^cycle ~ ^ M^^ 




5 




tcycie = Min. cycle 






60 


'ddsi 


Standby Current 


CE = V,H 






3 


mA 


IdDS2 


CE = Vdd - 0-2V 
Vdd = 2.0V ~ 5.5V 


Ta = -20 ~ 70°C 






100 




Ta = 25°C 




2 





Capacitance* (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT=GND 


10 



*This parameter is periodically sampled and is not 100% tested. 
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TC55257BPL/BFL/BSPLyBFTL/BTRL-85/10(LT) Static RAM 



AC Characteristics (Ta = -20 ~ 70°C, Vqd = 5V+10%) 



Read Cycle 







TC55257BPL/BFL/BSPL/BFTL/BTRL 




SYIVIdOL 


PARAIVIETER 


-85(LT) 


-10(LT) 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


85 




100 








Address Access Time 




85 




100 




tco 


CE Access Time 




85 




100 




tOE 


Output Enable to Output in Valid 




45 




50 




tcOE 


Chip Enable (CE) to Output in Low-Z 


5 




5 




ns 


♦oEE 


Output Enable to Output in Low-Z 














toD 


Chip Enable (CE) to Output in High-Z 




30 




50 




toDO 


Output Enable to Output in High-Z 




30 




40 






Output Data Hold Time 


10 




10 







Write Cycle 







TC55257BPL/BFL/BSPL/BFTL/BTRL 




SYMBOL 


PARAMETER 


-85(LT) 


-10(LT) 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 






Write Cycle Time 


85 




100 






twp 


Write Pulse Width 


60 




70 






tew 


Chip Selection to End of Write 


65 




90 






Us 


Address Setup Time 
















Write Recovery Time 


5 




5 




ns 


tODW 


R/W to Output in High-Z 




30 




50 




tOEW 


R/W to Output in Low-Z 














tos 


Data Setup Time 


40 




40 








Data Hold Time 















AC Test Conditions 



Input Pulse Levels 


2.6V/0.4V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


2.4V/0.6V 


Output Timing Measurement Reference Levels 


2.2V/0.8V 


Output Load 


1 TTL Gate and Cl=100pF 
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static RAM TC55257BPL/BFL/BSPL/BFTL/BTRL-85/10(LT) 



Timing Waveforms 
Read Cycle 



ADDRESSES 



DouT 




UNKNOWN 



Write Cycle 1 (R/W Controlled Write) 



ADDRESSES 



R/W 



DouT 



Din 
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TC55257BPL/BFUBSPLyBFTiyBTRL-85/10(LT) Static RAM 



Write Cycle 2 ^ (CE Controlled Write) 



ADDRESSES 



Dqut 




Notes: 



1 . R/W is high for read cycles. 

2. If the CE low transition occurs coincident with or after the R/W low transition, outputs remain in a high impedance 
state. 

3. If the CE high transition occurs coincident with or prior to the R/W high transition, outputs remain 
in a high impedance state. 



4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 
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static RAM TC55257BPL/BFL/BSPL/BFTL/BTRL-85/10(LT) 



Data Retention Characteristics (Ta = -20 ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






50 




Vdh = 5.5V 






100 


tCDR 


Chip Deselect to Data Retention Mode 













Recovery Time 


*RC{1) 







Note (1): Read Cycle Time 

CE Controlled Data Retention Mode 




GND — — 

Note (2): If the V|h of CE is 2.4V in operation, I 

DDS1 current flows during tlie period ttiat the Vqq voltage is going down from 4.5\/ to 2,6V. 
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static RAM 



Notes 
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TOSHIBA 



TC55257BPL/BFL/BSPL/BFTL/BTRL85L/10L(LT) 



SILICON GATE CMOS 



32,768 WORD x 8 BIT STATIC RAM 



Description 

The TC55257BPL is a 262,1 44 bit CMOS static random access memory organized as 32,768 words by 8 bits and operated from a 
single 5V power supply. Advanced circuit tecinniques provide both high speed and low power features with an operating current of 
5mA/MHz |typ.) and a minimum cycle time of 85ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 2\xA at room tem- 
perature. The TC55257BPL has two control inputs. Chip enable (C^ allows for device selection and data retention control, while an 
output enable input (OE) provides fast memory access. The TC55257BPL is suitable for use in microprocessor systems where high 
speed, low power, and battery backup are required. The TC55257BPL-L(LT) has an operating temperature range of -20 ~ 70PC so 
it is suitable for use in low temperature applications. 

The TC55257BPL is offered in a standard dual-in-line 28-pin plastic package (0.6/0.3 inch width), a small outline plastic pack- 
age, and a thin small outline plastic package (forward type, reverse type). 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
2nA atTa = 25°C (max.) 



Pin Connection (Top View) 

{ forward type) 



( reverse type ) 





TC55257BPL/BFL/BSPL/BFTL/BTRL 


-85L(LT) 


-10L(LT) 


Access Time 


85ns 


100ns 


Chip Enable Access Time 


85ns 


100ns 


Output Enable Time 


45ns 


50ns 



Power down feature: CE 

Data retention supply voltage: 2.0 ~ 5.5V 

Inputs and outputs TTL compatible 

Wide operating temperature: -20 ~ 70°C 



A14 C 


1 


28 


3 Voo 


A12 [ 


2 


27 


] R/W 


A7C 


3 


26 


] A13 


ASC 


4 




3a8 


ASC 


5 


24 


]a9 


A4 [ 


6 




] All 


A3C 


7 


22 


]3i 


A2C 


a 


21 


] A10 


A1 C 


9 


20 


]« 


AO C 


10 


19 


] 1/08 


1/01 C 


11 


18 


] 1/07 


I/02 C 


12 


17 


] I/06 


I/03 C 


13 


16 


] 1/05 


GNO [ 


14 


IS 


3 1/04 





Package 



Pin Names 



TC55257BPL-L(LT) 

TC55257BFL-L(LT) 

TC55257BSPL-L(LT) 

TC55257Bi=TL-L(LT) 

TC55257BTRL-L(LT) 



DIP28-P-600 

SOP28-P-450 

DIP28-P-300B 

TSOP28-P 

TSOP28-P-A 



AO ~ A14 


Address Inputs 




R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


PIN NAME 


m 


Aii 


Ag 


As 


Ai3 


R/W 


Vdd 


Al4 


Ai2 


Ay 


Ae 


As 


A4 


A3 


PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


PIN NAME 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 


CE 


A10 
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TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L(LT) Static RAM 



Block Diagram 




R/W° ! 

CEo 



CE 



Operating Mode 



PIN 

IWODE 


CE 


OE 


R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


L 


H 


Dqut 


Iddo 


Write 


L 




L 


D|N 


boo 


Output Deselect 


L 


H 


H 


High-Z 


boo 


Standby 


H 






High-Z 


'dds 



HorL 



IS^aximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 - 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/0 


Input and Output Voltage 


-0.5* ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1 .0/0.8/0.6** 


w 


TsOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


TsTRG 


Storage Temperature 


-55-150 


°C 


Tqpr 


Operating Temperature 


-20 ~ 70 


"C 



-3.0V with a pulse width of 50ns 

Package dependent: 0.6 inch 1 .OW, 0.3 inch 0.8W, 0.45 inch 0.6W 
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static RAM TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L(LT) 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.4 




Vdd + 0.3 


V|L 


Input Low Voltage 


-0.3* 




0.6 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 50ns 



DC Characteristics CTa = -20 - 70X, = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






±1.0 


fiA 


Ilo 


Output Leakage Current 


CE = V|H or R/W = V|L or OE = V|h 
Vqut = ~ Vdd 






±1.0 


mA 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CE = V,L, 

R/W = Vdd - 0.2V, 

louT = 0mA 
Other Input = V|h/V|l 


^cycle — 1 MS 




10 




mA 


tcycie = Min. cycle 






70 


IdD02 


CE = 0.2V 

R/W = Vdd - 0.2V, 

louT = 0mA 
Other Input 

= Vdd ■ 0.2V/0.2V 


tcycle = 1 MS 




5 




tcycie = Min- cycle 






60 


'ddsi 


Standby Current 


UE = V|H 






3 


mA 


•dDS2 


CE = Vdd - 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = -20 ~ 70°C 






30 


ma 


Ta = 25°C 






2 



Capacitance* (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


CoUT 


Output Capacitance 


VouT = GND 


10 



*This parameter is periodically sampled and is not 100% tested. 
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TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L(LT) Static RAM 



AC Characteristics (Ta = -20 ~ 70°C, Vqd = 5V±10%) 



Read Cycle 







TC55257BPL/BFL/BSPL/BFTL/BTRL 




CVMDni 

oTIVIdUL 


DAD AMCTCD 

rAnAInt 1 tn 


-85L(LT) 


-10L(LT) 


UNM 






MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


85 




100 








Address Access Time 




85 




100 






CE Access Time 




85 




100 




tOE 


Output Enable to Output in Valid 




45 




■ 50 




tcOE 


Chip Enable (CE) to Output in Low-Z 


5 




5 




ns 


tOEE 


Output Enable to Output in Low-Z 














tOD 


Chip Enable (CE) to Output in High-Z 




30 




50 




tODO 


Output Enable to Output in High-Z 




30 




40 




toH 


Output Data Hold Time 


10 




10 







Write Cycle 







TC55257BPL/BFL/BSPL/BFTL/BTRL 




SYMBOL 


PARAMETER 


-85L(LT) 


-10L(LT) 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 




two 


Write Cycle Time 


85 




100 






twp 


Write Pulse Width 


60 




70 






tew 


Chip Selection to End of Write 


65 




90 






tAS 


Address Setup Time 














tWR 


Write Recovery Time 


5 




5 




ns 


toDW 


R/W to Output in High-Z 




30 




50 




toEW 


R/W to Output in Low-Z 














tos 


Data Setup Time 


40 




40 








Data Hold Time 















AC Test Conditions 



Input Pulse Levels 


2.6V/0.4V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


2.4V/0.6V 


Output Timing Measurement Reference Levels 


2.2V/0.8V 


Output Load 


1 TTL Gate and Cl = 1 0OpF 
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static RAM TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L(LT) 



Timing Waveforms 
Read Cycle 



ADDRESSES 



DouT 




UNKNOWN 



Write Cycle 1 (R/W Controlled Write) 



ADDRESSES 



R/W 



DouT 



Din 
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TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L(LT) Static RAM 



Write Cycle 2 (CE Controlled Write) 



ADDRESSES 




DouT 



Notes: 



1 . RAN is high for read cycles. 

2. If the CE low transition occurs coincident with or after the F!/W low transition, outputs remain in a high impedance 
state. 

3. If the CE high transition occurs coincident with or prior to the R/W high transition, outputs remain 
in a high impedance state. 



4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 
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static RAM TC55257BPL/BFL/BSPL/BFTL/BTRL-85L/10L(LT) 



Data Retention Characteristics (Ta = -20 ~ 70°C) 



SYIMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






20 


iiA 


Vdh = 5.5V 






30 


tcDR 


Chip Deselect to Data Retention Mode 









US 


tR 


Recovery Time 


tRC{1) 







Note (1): Read Cycle Time 



CE Controlled Data Retention Mode 



Vdo 
4.5 V 





DATA RETENTION MODE 
















Voo-0.2V 







Note (2): If the V|h of CE is 2.4V in operation, \oos^ current flows during the period tliat the Vqq voitage is going down from 4.5V to 2.6V. 
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static RAM 



Notes 
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TOSHIBA 



TC55257BPL/BFL/BSPL/BFTL/BTRL85L/10L(LV) 



SILICON GATE CMOS 

32,768 WORD x 8 BIT STATIC RAM 



Description 

The TC55257BPL is a 262,1 44 bit CMOS static random access memory organized as 32,768 words by 8 bits and operated from a 
single 5V power suppiy Advanced circuit tecliniques provide both high speed and low power features with an operating current of 
5mA/MHz ^.) and a minimum cycle time of 85ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 2nA at room tem- 
perature. The TC55257BPL has two control inputs. Chip enable (C^ allows for device selection and data retention control, while an 
output enable input (OE) provides fast memory access. The TC55257BPL is suitable for use in microprocessor systems where high 
speed, low power, and battery backup are required. 

The TC55257BPL is offered in a standard dual-in-line 28-pin plastic package (0.6/0.3 inch width), a small outline plastic pack- 
age, and a thin small outline plastic package (forward type, reverse type). 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
2ixA (max.) at Ta = 25°C 





TC55257BPL/BFL/BSPL/BFTL/BTRL 


-85L(LV) 


-10L(LV) 


Access Time 


85ns 


100ns 


Chip Enable Access Time 


85ns 


100ns 


Output Enable Time 


45ns 


50ns 



Power down feature: CE 

Data retention supply voltage: 2.0 ~ 5.5V 

Inputs and outputs TTL compatible 



Package 



Pin Names 



TC55257BPL 

TC55257BFL 

TC55257BSPL 

TC55257BFTL 

TC55257BTRL 



DIP28-P-600 

SOP28-P-450 

DIP28-P-300B 

TSOP28-P 

TSOP28-P-A 



AO ~ A14 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 



Pin Connection (Top View) 

(forward type) 



( reverse type ) 



A14 
A12 
A7 
A6 
AS 
A4 



A1 
AO 



1 


28 


2 


27 


3 


26 


4 


25 


s 


24 


6 


23 


7 


22 


8 


21 


9 


20 


10 


19 


11 


18 


12 




13 


16 


14 





Voo 

(VW 

A13 

A8 

A9 

Al^l 

OE 



] I/08 
] 1/07 
I/06 





PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


PIN NAME 


OE 


Aii 


A9 


As 


Ai3 


R/W 


Vdd 


Ai4 


A12 


A7 


Ae 


A5 


A4 


A3 


PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


PIN NAME 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 


CE 


A10 
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TC55257BPLyBFL/BSPL/BFTLyBTRL-85Lyi0L(LV) Static RAM 



Block Diagram 



A50 
A6<> 
A70 
A8«> 
A90 

An«> 

A120 
A13«> 
A140- 



1/01 O 



I/08O 



CEo 




0E° O 



Operating Mode 



PIN 

MODE 


CE 




R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


L 


H 


Dqut 


'ddo 


Write 


L 




L 


D|N 


'ddo 


Output Deselect 


L 


H 


H 


High-Z 


'ddo 


Standby 


H 






High-Z 


'dds 



HorL 



IVIaximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/0 


Input and Output Voltage 


-0.5* ~ Vqd + 0.5 


V 


Pd 


Power Dissipation 


1.0/0.8/0.6** 


w 


Tsolder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


TsTRG 


Storage Temperature 


-55 ~ 150 


°C 


Tqpr 


Operating Temperature 


0-70 





* -3.0V with a pulse width of 50ns 

** Package dependent: 0.6 inch 1 .OW, 0.3 inch 0.8W, 0.45 inch 0.6W 
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static RAM TC55257BPL/BFLyBSPLyBFnJBTRL-85Lyi0L(LV) 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.3 


V|L 


Input Low Voltage 


-0.3* 




0.8 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 50ns 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


li 1 

'LI 


Input Leakage Current 


V|N = ~ Vdd 






+1.0 


^A 


Ilo 


Output Leakage Current 


CE = V|H or R/W = V|L or OE = V|h 
Vqut = ~ Vdd 






±1.0 


HA 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CE = V,L 
R/W = V|H 

Other Input = V|h/V|l 
Iqut = 0mA 


*cycle - "ll^S 




10 




mA 


tcycle = Min. cycle 






70 


bD02 


CE = 0.2V 

R/W = Vdd - 0.2V 

Other Input 

= Vdd - 0.2V/0.2V 
Iqut = 0mA 


*cycle = "IM-S 




5 




tcycle = 1^'"- eye'® 






60 


Iddsi 


Standby Current 


CE = V|H 






3 


mA 


'dDS2 


CE = Vdd - 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = - 70°C 






30 


HA 


Ta = 25°C 






2 



Capacitance* (Ta = 25°C, f = IIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT = GND 


10 



*This parameter is periodically sampled and is not 100% tested. 
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TC55257BPLyBFL/BSPL/BFTLyBTRL-85Lyi0L(LV) Static RAM 



AC Characteristics (Ta = ~ 70°C, Vdd = 5V±10%) 



Read Cycle 







TC55257BPL/BFL/BSPL/BFTL/BTRL 




SYMBOL 


PARAMETER 


-85L(LV) 


-10L{LV) 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


85 




100 






^ACC 


Address Access Time 




85 




100 




tco 


CE Access Time 




85 




100 




tOE 


Output Enable to Output in Valid 




45 




50 




tcOE 


Chip Enable (CE) to Output in Low-Z 


10 




10 




ns 


tOEE 


Output Enable to Output in Low-Z 


5 




5 








Chip Enable (CE) to Output in High-Z 




30 




50 




hoo 


Output Enable to Output in High-Z 




30 




40 






Output Data Hold Time 


10 




10 







Write Cycle 







TC55257BPL/BFL/BSPL/BFTL/BTRL 




SYMBOL 


PARAMETER 


-85L(LV) 


-IOL(LV) 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 






Write Cycle Time 


85 




100 






twp 


Write Pulse Width 


60 




70 






tew 


Chip Selection to End of Write 


65 




90 






Us 


Address Setup Time 
















Write Recovery Time 


5 




5 




ns 


tODW 


R/W to Output in High-Z 




30 




50 




toEW 


R/W to Output in Low-Z 


5 




5 






Ids 


Data Setup Time 


40 




40 








Data Hold Time 















AC Test Conditions 



Input Pulse Levels 


2.4V/0.6V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


2.2V/0.8V 


Output Timing Measurement Reference Levels 


2.2V/0.8V 


Output Load 


1 TTLGate and Cl= lOOpF 
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static RAM TC55257BPL/BFLyBSPL/BFTLyBTRL-85m0L(LV) 



Timing Waveforms 
Read Cycle 



ADDRESSES 



DouT 



X 



tRC 



^ACC 




1 



tOE 




toDO 



OUTPUT DATA VALID 



UNKNOWN 



Write Cycle 1 (R/W Controlled Write) 



ADDRESSES 



R/W 



DouT 



D|N 




TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



A-37 



TC55257BPUBFLyBSPLyBFTLyBTRL-85Lyi0L(LV) Static RAM 



Write Cycle 2 (CE Controlled Write) 



ADDRESSES 



R/W 



DouT 



Din 




Notes: 



1 . F!/W is high for read cycles. 

2. If the CE low transition occurs coincident with or after the R/W low transition, outputs remain in a high impedance 
state. 

3. if the CE high transition occurs coincident with or prior to the R/W high transition, outputs remain 
in a high impedance state. 



4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 
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Static RAM TC55257BPL/BFLyBSPUBFTUBTRL-85L/10L(LV) 



Data Retention Characteristics (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






20 




Vdh = 5.5V 






30 


tCDR 


Chip Deselect to Data Retention Mode 









US 


tR 


Recovery Time 


*RC(1) 







Note (1): Read Cycle Time 



CE Controlled Data Retention Mode 



Voo 
4,5 V 





DATA RETENTION MODE 




/ i 










VOD-0.2V 













GND 

Note (2): If the V|h of CE is 2.2V in operation, I 

DDS1 current flows during the period that the Vqq voltage is going down from 4.5V to 2.4V. 
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TC55257BPL/BFL/BSPL/BFTL/BTRL-85Lyi0L(LV) Static RAM 



3V Operation 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


2.7 


3.0 


3.3 


V 


VlH 


Input High Voltage 


Vdd - 0.2 




Vdd + 0.3 


VlL 


Input Low Voltage 


-0.3 




0.2 



DC Characteristics (Ta = ~ 70°C, Vqq = 3V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


'li 


Input Leakage Current 


ViN = ~ Vdd 






±1.0 




Ilo 


Output Leakage Current 


CE = V|H or R/W = V|L or 
OE = V|H, VouT = 0~ Vdd 






±1.0 




'oh 


Output High Current 


VoH = Vdd - 0.2V 


-0.1 






mA 


loL 


Output Low Current 


Vol = 0.2V 


0.1 






mA 


IdD02 


Operating Current 


CE = 0.2V 

R/W = Vdd - 0.2V 

louT = 0mA 

Other Inputs = Vdd - 0.2V/0.2V 


^cycle 


Min. 






20 


mA 


1^18 






5 


IdDS2 


Standby Current 


CE = Vdd - 0.2V 


Ta = ~ 70°C 






20 


HA 


Ta = 25°C 




1 


2 


Capacitance* (Ta = 25*'C, f = 1 1VIHz) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 






Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT = GND 


10 



*This parameter is periodically sampled and is not 100% tested. 
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static RAM TC55257BPL/BFL/BSPLyBFTL/BTRL-85L/10L(LV) 



3V Operation 

DC Chiaracteristics (Ta = ~ 70°C, Vpo = 3V±10%) 
Read Cycle 



CVIUIRDI 
OT IVIDUL 


PAR AMFTCD 


MIM 
IVIIN. 


MAY 


1 IMIT 
UNI 1 




Read Cycle Time 


200 








Address Access Time 




200 






CE Access Time 




200 




toE 


Output Enable to Output in Valid 




100 




tcOE 


Chip Enable (CE) to Output in Low-Z 


10 




ns 


toEE 


Output Enable to Output in Low-Z 


5 






toD 


Chip Enable (CE) to Output in High-Z 




100 




^ODO 


Output Enable to Output in High-Z 




80 




tOH 


Output Data Hold Time 


10 






Write Cycle 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


twc 


Write Cycle Time 


200 






twp 


Write Pulse Width 


150 






*cw 


Chip Selection to End of Write 


180 






tAS 


Address Setup Time 









twR 


Write Recovery Time 


5 




ns 


^ODW 


R/W to Output in High-Z 




100 




^OEW 


R/W to Output in Low-Z 


5 






bs 


Data Setup Time 


90 








Data Hold Time 










AC Test Conditions 



Input Pulse Levels 


Vdd - 0.2V/0.2V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Cl= lOOpF 
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TOSHIBA 



TC55257BPI/BFI/BSPI/BFn/BTRI-10L 



SILICON GATE CMOS 



32,768 WORD x 8 BIT STATIC RAM 



Description 

The TC55257BPI is a 262,144 bit CMOS static random access memory organized as 32,768 words by 8 bits and operated from a 
single SV power supply. Advanced circuit techniques provide both high speed and low power features with an operating current of 
5mA/MHz (typ.) and a minimum cycle time of 100ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 2iiA at room tem- 
perature. The TC55257BPI has two control inputs. Chip enable (C^ allows for device selection and data retention control, while an 
output enable input (OE) provides fast memory access. The TC55257BPI is suitable for use in microprocessor systems where high 
speed, low power, and battery backup are required. The TC55257BPI has an operating temperature range of -40 ~ 85°C so it is 
suitable for use in wide operating temperature systems. 

The TC55257BPI is offered in a standard dual-in-line 28-pin plastic package (0.6/0.3 inch width), a small outline plastic pack- 
age, and a thin small outline plastic package (forward type, reverse type). 

Pin Connection (Top View) 

( forward type ) ( reverse type ) 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 


27.5mW/MHz (typ.) 
2\xA at Ta = 25°C (max.) 




TC55257BPi/BFI/BSPI/BFTI/BTRI-1 OL 


Access Time 


100ns 


Chip Enable 
Access Time 


100ns 


Output Enable Time 


50ns 


• Power down feature: 


CE 



Data retention supply voltage: 
Wide operating temperature: 
Inputs and outputs TTL compatible 



Package 



Pin Names 



TC55257BPI 

TC55257BFI 

TC55257BSPI 

TC55257BFTI 

TC55257BTR1 



2.0 ~ 5.5V 
-40 ~ 85°C 

D1P28-P-600 

SOP28-P-450 

DIP28-P-300B 

TSOP28-P 

TSOP28-P-A 



A14 C 1 
A12 C 2 
A7 C 3 
AS C 4 
AS C S 
A4 [ 6 
A3 C 7 
A2 [ 8 
A1 C 9 
AO [ 10 
1/01 C 11 
1/02 C 12 
I/03 C 13 
GNO C 14 



»oo 



28 3 Vo 
27 3 (VW 
26 3 A13 
2S 3 A8 
24 3 a9 
23 3 All 
22 3 OE 

21 3aio 

20 3 CE 
19 3 t/08 

15 3 1/07 
17 3 1/06 

16 3 t/OS 
IS 3 1/04 





AO ~ A14 


Address Inputs 




R/W 


Read/Write Control Input 


OE 


Output Enable Input 


Ue 


Chip Enable Input 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


PIN NAME 


OE 


Aii 


Ag 


As 


Al3 


R/W 


Vdd 


Ai4 


Al2 


A7 


Ae 


As 


A4 


A3 


PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


PIN NAME 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 


CE 


A10 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



A-43 



TC55257BPI/BFI/BSPI/BFTI/BTRI-10L 



Static RAM 



Block Diagram 



A60 
A70 

A80- 

Ago- 
All o 

A120 
AI3O 
A140" 



1/01 o 




I/08O 



R/W°" 























«/» 


oe 








UJ 


Ui 




Ui 


K 


ec 


h- 




ec 


Ui 


a 


l/t 




a 





a 






a 


< 






< u 




UI 

oe 









oe 











SI 



MEMORY CELL 
ARRAY 
512x32x16 
(262144) 



16 



GNO 




Operating Mode 



PIN 

MODE ^^^^^^ 


CE 


OE 


R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


L 


H 


Dqut 


boo 


Write 


L 




L 


D|N 


'ddo 


Output Deselect 


L 


H 


H 


High-Z 


Iddo 


Standby 


H 






High-Z 


'dds 



HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/0 


Input and Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1 .0/0.8/0.6** 


w 


^SOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


TSTRG 


Storage Temperature 


-55-150 


°C 


TqpR 


Operating Temperature 


-40 ~ 85 


°C 



* -3.0V with a pulse width of 50ns 

** Pacl<age dependent: 0.6 inch 1 .OW, 0.3 inch 0.8W, 0.45 inch 0.6W 
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static RAM 



TC55257BPI/BFI/BSPI/BFTI/BTRI-10L 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.4 




Vdd + 0.3 


V|L 


Input Low Voltage 


-0.3* 




0.6 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 50ns 



DC Characteristics (Ta = -40 ~ 85°C, = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


'LI 


Inr^iit 1 PflkanP t^iirrpnt 


V|N = ~ Vdd 






+1 .0 


iiA 


Ilo 


Output Leakage Current 


= V|H or R/W = V|L or UE = V|h 
VouT = ~ Vdd 






±1.0 




'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CE = V,L 
R/W = V|H 

Other Input = V|h/Vil 
Iqut = 0mA 


^cycle - 1 M-S 




10 




mA 


tcyde = Mi"- cycle 






70 


'dD02 


CE = 0.2V 

R/W = Vdd - 0.2V 

Other Input 

= Vdd - 0.2V/0.2V 
Iqut = 0mA 


^cycle = 1 




5 




tcycie = Min. cycle 






60 


'ddsi 


Standby Current 


CE = V,H 






3 


mA 


'dDS2 


UE = Vdd - 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = -40 ~ 85°C 






50 


HA 


Ta = 25°C 






2 



Capacitance* (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT = GND 


10 



*This parameter is periodically sampled and is not 100% tested. 
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TC55257BPI/BFI/BSPI/BFTI/BTRI-10L 



Static RAM 



AC Characteristics (Ta = -40 - 85°C, Vpo = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC55257BPI/BFI/BSPI/BFTI/BTRI-10L 


UNIT 


MIN. 


MAX. 






Read Cycle Time 


100 


- 




Ucc 


Address Access Time 




100 




tco 


CE Access Time 




100 




tOE 


Output Enable to Output in Valid 




50 




tcOE 


Chip Enable (CE) to Output in Low-Z 


5 




ns 


toEE 


Output Enable to Output in Low-Z 









*0D 


Chip Enable (CE) to Output in High-Z 




50 




boo 


Output Enable to Output in High-Z 




40 






Output Data Hold Time 


10 






Write Cycle 


SYMBOL 


PARAMETER 


TC55257BPI/BFI/BSPI/BFTI/BTRI-10L 


UNIT 


MIN. 


MAX. 






Write Cycle Time 


100 






twp 


Write Pulse Width 


70 






tew 


Chip Selection to End of Write 


90 






tAS 


Address Setup Time 









tWR 


Write Recovery Time 


5 




ns 


toDW 


RA/V to Output in High-Z 




50 




toEW 


R/V/ to Output in Low-Z 









bs 


Data Setup Time 


40 








Data Hold Time 










AC Test Conditions 



Input Pulse Levels 


2.6V/0.4V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


2.4V/0.6V 


Output Timing Measurement Reference Levels 


2.2V/0.8V 


Output Load 


1 TTLGate and Cl= lOOpF 
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static RAM 



TC55257BPI/BFI/BSPI/BFTI/BTRI-10L 



Timing Waveforms 
Read Cycle 



ADDRESSES 



J5l 



DouT 




UNKNOWN 



Write Cycle 1 (R/W Controlled Write) 



ADDRESSES 



R/W 



DouT 



Din 
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TC55257BPI/BFI/BSPI/BFTI/BTRI-10L 



Static RAM 



Write Cycle 2 (CE Controlled Write) 



ADDRESSES 



R/W 



DouT 



D|N 




Notes: 



1 . R/W is high for read cycles. 

2. If the CE low transition occurs coincident with or after the R/W low transition, outputs remain in a high impedance 
state. 

3. If the CE high transition occurs coincident with or prior to the R/W high transition, outputs remain 
in a high impedance state. 



4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 
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static RAM 



TC55257BPI/BFI/BSPI/BFTI/BTRI-10L 



Data Retention Characteristics (Ta = -40 ~ 85°C) 



SYIVIBOL 


PARAMETER 


MIN. 


TYP. 


IVIAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






30 


^lA 


Vdh = 5.5V 






50 


tCDR 


Chip Deselect to Data Retention Mode 









US 


tR 


Recovery Time 


tRC(1) 







Note (1 ): Read Cycle Time 

CE Controlled Data Retention Mode 




GNO — ~~" 

Note (2): If the V|h of CE is 2.4V in operation, I 

DDS1 current flows during the period that the Vqq voltage is going down from 4.5V to 2.6V. 
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TOSHIBA 



TC55257CPL/CFL/CSPL/CFrL/CTRL-70/85/10 



PRELIMINARY 



SILICON GATE CMOS 



32,768 WORD x 8 BIT STATIC RAM 



Description 

The TC55257CPL is a 262,144 bit CMOS static random access memory organized as 32,768 words by 8 bits and operated from 
a single 5V power supply. Advanced circuit techniques provide both high speed and low power features with an operating current of 
5m A/MHz (typ.) and a minimum cycle time of 70ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 2|aA at room tem- 
perature. The TC55257CPL has two control inputs. Chip enable (CE) allows for device selection and data retention control, while 
an output enable input (OE) provides fast memory access. The TC55257CPL is suitable for use in microprocessor systems where 
high speed, low power, and battery backup are required. 

The TC55257CPL is offered in a standard dual-in-line 28-pin plastic package (0.6/0.3 inch width), a small outline plastic pack- 
age, and a thin small outline plastic package (forward type, reverse type). 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
100|aA (max.) 



Pin Connection (Top View) 

o 28 PIN DIP & SOP 





TC55257CPL/CFL/CSPL/CFTL/CTRL 


-70 


-85 


-10 


Access Time 


70ns 


85ns 


100ns 


CE Access Time 


70ns 


85ns 


100ns 


0E Access Time 


35ns 


45ns 


50ns 



Power down feature: CE 

Data retention supply voltage: 2.0 

Inputs and outputs TTL compatible 



5.5V 



Package 



Pin Names 



TC55257CPL 

TC55257CFL 

TC55257CSPL 

TC55257CFTL 

TC55257CTRL 



DIP28-P-600 

SOP28-P-450 

DIP28-P-300B 

TSOP28-P 

TSOP28-P-A 




o 28 PIN TSOP 
(forward type) (reverse type) 




AO - A14 


Address Inputs 


R/W 


Read/Write Control Input 


UE 


Output Enable Input 


CE 


Chip Enable Input 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


PIN NAME 


UE 


Aii 


Ag 


As 


Ai3 


R/W 


Vdd 


Al4 


Al2 


Ay 


Ae 


As 


A4 


A3 


PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


PIN NAME 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 


CE 


A10 
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TC55257CPL/CFL/CSPL/CFTL/CTRL-70/85/10 Static RAM 



Block Diagram 



A5 
A60 
A70 
A80 
A9«> 
Alio 
AI2O 
AI30 
AI4O 



1/01 O 




I/08O 



Operating Mode 



^^^-----.^^^ PIN 
MODE 


CE 


OE 


R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


L 


H 


Dqut 


'ddo 


Write 


L 




L 


D|N 


'ddo 


Output Deselect 


L 


H 


H 


High-Z 


'ddo 


Standby 


H 






High-Z 


'dds 



HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/o 


Input and Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.0/0.8/0.6** 


w 


^solder 


Soldering Temperature • Time 


260* 10 


°C • sec 


TSTRG 


Storage Temperature 


-55-150 


°C 


Tqpr 


Operating Temperature 


0-70 





* -3.0V with a pulse width of 50ns 

** Package dependent: 0.6 inch 1 .OW, 0.3 inch 0.8W, 0.45 inch 0.6W 
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static RAM TC55257CPL/CFL/CSPL/CFTL/CTRL-70/85/10 



DC Recommended Operating Conditions 



SYIMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.3 


V|L 


Input Low Voltage 


-0.3* 




0.8 


Vqh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 5Gns 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






±1.0 


^A 


Ilo 


Output Leakage Current 


CE = V|H or R/W = V|L or OE = V|h 
Vqut = ~ Vdd 






±1.0 


HA 


Iqh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CE = V|L 
R/W = V|H 

Other Input = V|h/V|i_ 
louT = 0mA 


^cycle - 1 




10 




mA 


tcycie = Min. cycle 






70 


IdD02 


CE = 0.2V 

R/W = Vdd - 0.2V 

Other Input 

= Vdd - 0.2V/0.2V 
louT = 0mA 


^cycle = 1 M^S 




5 




tcycie = Min. cycle 






60 


'ddsi 


Standby Current 


CE = V|H 






3 


mA 


IdDS2 


UE = Vdd - 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = ~ 70°C 






100 


HA 


Ta = 25°C 




2 





Capacitance* (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


CoUT 


Output Capacitance 


VouT = GND 


10 



*Thls parameter is periodically sampled and is not 100% tested. 
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TC55257CPL/CFL/CSPL/CFTL/CTRL-70/85/10 Static RAM 



AC Characteristics (Ta = - 70°C, Vdq = 5V±10%) 



Read Cycle 







TC55257CPL/CFL/CSPL/CFTL/CTRL 




SYMBOL 


PARAMETER 


-70 


-85 


-10 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


70 




85 




100 








Address Access Time 




70 




85 




100 






CE Access Time 




70 




85 




100 




toE 


Output Enable to Output in Valid 




35 




45 




50 




tcOE 


Chip Enable (CE) to Output in Low-Z 


10 




10 




10 




ns 


tOEE 


Output Enable to Output in Low-Z 


5 




5 




5 






too 


Chip Enable (CE) to Output in High-Z 




25 




30 




50 




tODO 


Output Enable to Output in High-Z 




25 




30 




40 






Output Data Hold Time 


10 




10 




10 







Write Cycle 







TC55257CPL/CFL/CSPL/CFTL/CTRL 




SYMBOL 


PARAMETER 


-70 


-85 


-10 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Write Cycle Time 


70 




85 




100 






twp 


Write Pulse Width 


50 




60 




70 






tew 


Chip Selection to End of Write 


60 




65 




90 






tAS 


Address Setup Time 



















twR 


Write Recovery Time 

















ns 


toDW 


R/W to Output in High-Z 




25 




30 




50 




toEW 


R/W to Output in Low-Z 


5 




5 




5 






^DS 


Data Setup Time 


30 




40 




40 








Data Hold Time 




















AC Test Conditions 



Input Pulse Levels 


2.4V/0.6V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTL Gate and Cl= lOOpF 
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PRELIIVIINARY 



static RAM TC55257CPL/CFL/CSPL/CFTL/CTRL-70/85/10 



Timing Waveforms 
Read Cycle 

tRC 




UNKNOWN 



Write Cycle 1 (R/W Controlled Write) 

twc 
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TC55257CPL/CFL/CSPL/CFTL/CTRL-70/85/10 Static RAM 
Write Cycle 2 (CE Controlled Write) 




Notes: 

1 . RAN is high for read cycles. 

2. if the CE iow transition occurs coincident with or after the R/W iow transition, outputs rennain in a high impedance 
state. 

3. If the CE high transition occurs coincident with or prior to the RAV high transition, outputs remain 
in a high impedance state. 

4. if OE is high during a write cycie, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 
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static RAM TC55257CPL/CFL/CSPL/CFTL/CTRL-70/85/10 



Data Retention Characteristics (Ta = ~ 70°C) 



SYMBOL 


PARAIVIETER 


MIN. 


TYP. 


IVIAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


IdDS2 


Standby Current 


Vdh = 3.0V 






50 


HA 


Vdh = 5.5V 






100 


tCDR 


Chip Deselect to Data Retention Mode 









ns 


tR 


Recovery Time 


tRC(1) 







Note (1): Read Cycle Time 

CE Controlled Data Retention Mode 




GNQ — 

Note (2): If the V|h of CE is 2.2V in operation, I^dsi current flows during the period that the Vdd voltage is going down from 4.5V to 2.4V. 
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static RAM 



Notes 
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TOSHIBA 



TC55257CPL/CFL/CSPL/CFrL/CTRL-70L/85L/10L 



PRELIMINARY 



SILICON GATE CMOS 

32,768 WORD x 8 BIT STATIC RAM 



Description 

The TC55257CPL is a 262,144 bit CMOS static random access memory organized as 32,768 words by 8 bits and operated from 
a single 5V power supply. Advanced circuit techniques provide both high speed and low power features with an operating current of 
5mA/MHz (typ.) and a minimum cycle time of 70ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 2|aA at room tem- 
perature. The TC55257CPL has two control inputs. Chip enable (C^ allows for device selection and data retention control, while 
an output enable input (OE) provides fast memory access. The TC55257CPL is suitable for use in microprocessor systems where 
high speed, low power, and battery backup are required. 

The TC55257CPL is offered in a standard dual-in-line 28-pin plastic package (0.6/0.3 inch width), a small outline plastic pack- 
age, and a thin small outline plastic package (forward type, reverse type). 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
2|jA (max.) at Ta = 25°C 



Pin Connection (Top View) 

o 28 PIN DIP & SOP 





TC55257CPL/CFL/CSPL/CFTL/CTRL 


-70L 


-85L 


-10L 


Access Time 


70ns 


85ns 


100ns 


CE Access Time 


70ns 


85ns 


100ns 


OE Access Time 


35ns 


45ns 


50ns 



Power down feature: CE 

Data retention supply voltage: 2.0 

Inputs and outputs TTL compatible 



5.5V 



Package 



Pin Names 



TC55257CPL 

TC55257CFL 

TC55257CSPL 

TC55257CFTL 

TC55257CTRL 



DIP28-P-600 

SOP28-P-450 

DIP28-P-300B 

TSOP28-P 

TSOP28-P-A 



A14 C 


1 


23 


] Voo 


A12 C 


2 


27 


] RW 


A7C 


3 


2S 


] A13 


A6[ 


4 


25 


]a8 


ASC 


5 


24 


3a9 


A4 [ 


6 


23 


] All 


A3C 


7 


22 


] OE 


A2C 


8 


21 


] A10 


Alt 


9 


20 


]« 


AO C 


10 


19 


] 1/08 


1/01 C 


n 


IS 


] 1/07 


1/02 C 


12 


17 


] 1/06 


1/03 C 


13 


16 


] 1/05 


GNO C 


14 


15 


] 1/04 



o 28 PIN TSOP 
{ forward type ) ( reverse type) 





AO ~ A14 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


1/01 ~ I/OB 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


PIN NAME 


OE 


Aii 


Ag 


As 


Ai3 


R/W 


Vdd 


Al4 


Al2 


A7 


Ae 


A5 


A4 


A3 


PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


PIN NAME 


A2 


Ai 


Ao 


1/01 


1/02 


I/03 


GND 


I/04 


1/05 


I/06 


1/07 


1/08 


CE 


A10 
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TC55257CPL/CFL/CSPUCFTLyCTRL-70U85Lyi0L Static RAM 



Block Diagram 



Alio 
A120 
A130 
A140 



1/01 O 




R/W 









«/» 








«/» 


wu 






UJ K 


a: 






ec UJ 


O 






O O 


c 






Q O 


< 


o 




< U 




Ul 




Ui 
















ec 




Operating Mode 



PIN 

IWODE ^^^^^ 


CE 


OE 


R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


L 


H 


Dqut 


boo 


Write 


L 




L 


D|N 


'ddo 


Output Deselect 


L 


H 


H 


High-Z 


'ddo 


Standby 


H 






High-Z 


'dds 



HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/o 


Input and Output Voltage 


-0.5* ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1.0/0.8/0.6** 


w 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


"•"STRG 


Storage Temperature 


-55-150 


°C 


Tqpr 


Operating Temperature 


0-70 





-3.0V with a pulse width of 50ns 

Package dependent: 0.6 inch 1 .OW, 0,3 inch 0.8W, 0.45 inch 0.6W 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.3 


V|L 


Input Low Voltage 


-0.3* 




0.8 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 50ns 



DC Characteristics (Ta = ~ TCC, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIM 


TVP 
1 T r. 


MAY 
IVIHA. 


UNIT 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






±1.0 


liA 


Ilo 


Output Leakage Current 


CE = V|H or R/W = V|L or OE = V|h 
Vqut = ~ Vdd 






+1.0 


^A 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


"OL 


Output Low Current 


Vol = 0.4V 


4.0 






nnA 


'ddoi 


Operating Current 


CE = V|L 
R/W = V|H 

Other Input = V|h/V|l 
Iqut = OmA 


^cycle - 1 




10 




mA 


tcycie = Min. cycle 






70 


'dD02 


CE = 0.2V 

R/W = Vdd - 0.2V 

Other Input 

= Vdd - 0.2V/0.2V 
Iqut = OmA 


^cycle = 1 M^S 




5 




tcycie = Min- cycle 






60 


'ddsi 


Standby Current 


CE = V|H 






3 


^mA 


IdDS2 


CE = Vdd - 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = ~ 70°C 






20 


|iA 


Ta = 25°C 






2 



Capacitance* (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT = GND 


10 



'This parameter is periodicaily sampled and is not 100% tested. 
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TC55257CPL/CFUCSPL/CFnJCTRL-70U85L/10L Static RAM 



AC Characteristics (Ta = ~ 70°C, Vqq = 5V±10%) 



Read Cycle 







TC55257CPL/CFL/CSPL/CFTL/CTRL 




oiIVIdUL 


DAD AMCTCD 

rAKAIVIt 1 tn 


■70L 


-85L 


-10L 


UNI 1 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


70 




85 




100 






^ACC 


Address Access Time 




70 




85 




100 




bo 


CE Access Time 




70 




85 




100 




tOE 


Output Enable to Output in Valid 




35 




45 




50 




tcOE 


Chip Enable (CE) to Output in Low-Z 


10 




10 




10 




ns 


toEE 


Output Enable to Output in Low-Z 


5 




5 




5 








Chip Enable (CE) to Output in High-Z 




25 




30 




50 




hoo 


Output Enable to Output in High-Z 




25 




30 




40 




tOH 


Output Data Hold Time 


10 




10 




10 







Write Cycle 







TC55257CPL/CFL/CSPL/CFTL/CTRL 




SYMBOL 


PARAMETER 


-70L 


-85L 


-10L 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Write Cycle Time 


70 




85 




100 






twp 


Write Pulse Width 


50 




60 




70 






tew 


Chip Selection to End of Write 


60 




65 




90 






tAS 


Address Setup Time 



















twR 


Write Recovery Time 

















ns 


tODW 


R/W to Output in High-Z 




25 




30 




50 




tOEW 


R/W to Output in Low-Z 


5 




5 




5 








Data Setup Time 


30 




40 




40 








Data Hold Time 




















AC Test Conditions 



Input Pulse Levels 


2.4V/0.6V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTL Gate and Cl = 1 0OpF 
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Timing Waveforms 
Read Cycle 

tRC 




UNKNOWN 



Write Cycle 1 (R/W Controlled Write) 



twc 
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TC55257CPL/CFL/CSPL/CFTL/CTRL-70Ly85L/10L Static RAM 
Write Cycle 2 (CE Controlled Write) 




Notes; 

1 . RAN is high for read cycles. 

2. If the CE low transition occurs coincident with or after the R/W low transition, outputs rennain in a high impedance 
state. 

3. If the CE high transition occurs coincident with or prior to the R/W high transition, outputs remain 
in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 



A-64 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



PRELIMINARY 



static RAM TC55257CPL/CFLyCSPUCFTLyCTRL-70L/85m0L 



Data Retention Characteristics (Ta = - 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






10* 


HA 


Vdh = 5.5V 






20 


tCDR 


Chip Deselect to Data Retention Mode 









ns 


tR 


Recovery Time 


tRC(1) 







Note (1 ): Read Cycle Time *ZpA (max.) Ta = ~ 40°C 

CE Controlled Data Retention Mode 




GND ' ■ 

Note (2): If the V|h of CE is 2.2V in operation, I 

DDS1 current flows during tlie period that the Vqq voltage is going down from 4.5V to 2.4V. 
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Notes 
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TOSHIBA 



TC55257CPI/CFI/CSPI/CFn/CrRI-85/10 



- SILICON GATE CMOS 



PRELIMINARY 



32,768 WORD x 8 BIT STATIC RAM 



Description 

The TC55257CPI is a 262,1 44 bit CMOS static random access memory organized as 32,768 words by 8 bits and operated from a 
single 5V power supply. Advanced circuit techniques provide both high speed and low power features with an operating current of 
5mA/MHz (typ.) and a minimum cycle time of 85ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 2|iA at room tem- 
perature. The TC55257CPI has two control inputs. Chip enable (C^ allows for device selection and data retention control, while an 
output enable input (OE) provides fast memory access. The TC55257CPI is suitable for use in microprocessor systems where high 
speed, low power, and battery backup are required. The TC55257CPI is guaranteed over an operating temperature range 
of -40 ~ 85°C so the TC55257CPI is suitable for use in wide operating temperature systems. 

The TC55257CPI is offered in a standard dual-in-line 28-pin plastic package (0.6/0.3 inch width), a small outline plastic pack- 
age, and a thin small outline plastic package (forward type, reverse type). 

Features 

27.5mW/MHz (typ.) 
200{jA (max.) 



Low power dissipation: 
Standby current: 
Single 5V power supply 
Access time (max.) 



Pin Connection (Top View) 

o 28 PIN DIP & SOP 



o 28 PIN TSOP 





TC55257CPI/CFI/CSPI/CFTI/CTRI 


-85 


-10 


Access Time 


85ns 


100ns 


CE Access Time 


85ns 


100ns 


OE Access Time 


45ns 


50ns 



Power down feature: CE 
Data retention supply voltage: 2.0 ~ 
Inputs and outputs TTL compatible 
Wide operating temperature: -40 ~ 85°C 



5.5V 



A14 C 


1 


28 


3 


Voo 


A12 C 


2 


27 


3 


fVW 


A7[ 


3 


26 


3 


A13 


A6 C 


4 


25 


3 


A8 


ASC 


s 


24 


3 


A9 


A4 C 


6 


23 


3 


Alt 


A3C 


7 


22 


3 


OE 


A2C 


8 


21 


3 


A10 


A1 C 


9 


20 


3 


CE 


AO [ 


10 


19 


3 


t/08 


U01 [ 


11 


18 


3 


1/07 


1/02 [ 


12 


17 


3 


1/06 


1/03 C 


13 


16 


3 


l/OS 


GNO C 


14 


15 


3 


1/04 



( forward type ) ( reverse type ) 



Package 



Pin Names 



TC55257CPI 

TC55257CFI 

TC55257CSPI 

TC55257CFTI 

TC55257CTRI 



DIP28-P-600 

SOP28-P-450 

DIP28-P-300B 

TSOP28-P 

TSOP28-P-A 





AO ~ A14 


Address Inputs 




R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


PIN NAME 


OE 


Aii 


Ag 


As 


Ai3 


R/W 


Vdd 


Al4 


Al2 


A7 


Ae 


A5 


A4 


A3 


PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


PIN NAME 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


I/08 


CE 


A10 
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TC55257CPI/CFI/CSPI/CFTI/CTRI-85/10 



Static RAM 



Block Diagram 



AS©- 



A60 
A70 
A80 
A90 
Alio 
A120 
A130 
A140 



1/01 O 



I/08O 




0£« O 



Operating IVlode 



PIN 

IVIODE 


CE 


OE 


R/W 


1/01 -1/08 


POWER 


Read 


L 


L 


H 


Dqut 


'ddo 


Write 


L 




L 


D|N 


'ddo 


Output Deselect 


L 


H 


H 


High-Z 


'ddo 


Standby 


H 






High-Z 


'dds 



HorL 



ISIaximum Ratings 



SYMBOL 


ITEIVI 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/0 


Input and Output Voltage 


-0.5* ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1.0/0.8/0.6** 


w 


TSOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


TSTRG 


Storage Temperature 


-55- 150 


°C 


ToPR 


Operating Temperature 


-40 ~ 85 


°c 



* -3.0V with a pulse width of 50ns 

** Pacl<age dependent: 0,6 inch LOW, 0.3 inch O.BW, 0.45 inch 0.6W 
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static RAM 



TC55257CPI/CFI/CSPI/CFTI/CTRI-85/10 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.4 




Vdd + 0.3 


V|L 


Input Low Voltage 


-0.3* 




0.6 


Vqh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 50ns 



DC Characteristics (Ta = -40 - 85°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIM 


TVP 


MAY 


UNIT 


III 


Input Leakage Current 


V|N = ~ Vdd 






+ 1 .0 


fiA 


"lo 


Output Leakage Current 


CE = V|H or R/W = V|L or OE = V|h 
Vqut = ~ Vdd 






±1.0 


^A 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


"ol 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


Iddoi 


Operating Current 


CE = V|L 
R/W = V|H 

Other Input = V^^N^l 
louT = 0mA 


^cycle — 1 M-S 




10 




mA 


tcycie = Min- cycle 






70 


IdD02 


CE = 0.2V 

R/W = Vdd - 0.2V 

Other Input 

= Vdd - 0.2V/0.2V 
louT = OmA 


^cycle = 1 




5 




tcycie = Min. cycle 






60 


'ddsi 


Standby Current 


CE = V|H 






3 


mA 


'dDS2 


CE = Vdd - 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = -40 ~ 85°C 






200 




Ta = 25°C 




2 





Capacitance* (Ta = 25°C, f = IIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT = GND 


10 



*This parameter is periodicaily sampled and is not 100% tested. 
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TC55257CPI/CFI/CSPI/CFTI/CTRI-85/10 



Static RAM 



AC Gharacteristlcs (Ta = -40 - 85°C, Vqd = 5V±10%) 



Read Cycle 







TC55257CPI/CFI/CSPI/CFTI/CTRI 




CVMDni 

oiIVIdUL 


DAD AMCTCD 

rAKAIVItlbK 


-85 


-10 


UNI 1 






MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


85 




100 








Address Access Time 




85 




100 




too 


CE Access Time 




85 




100 




tOE 


Output Enable to Output in Valid 




45 




50 




tcOE 


Chip Enable (CE) to Output in Low-Z 


5 




5 




ns 


*OEE 


Output Enable to Output in Low-Z 














*0D 


Chip Enable (CE) to Output in High-Z 




30 




50 




^ODO 


Output Eriable to Output in High-Z 




30 




40 




tOH 


Output Data Hold Time 


10 




10 







Write Cycle 







TC55257CPI/CFI/CSPI/CFTI/CTRI 




SYMBOL 


PARAMETER 


-85 


-10 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 






Write Cycle Time 


85 




100 






tyvp 


Write Pulse Width 


60 




70 






tew 


Chip Selection to End of Write 


65 




90 








Address Setup Time 














tWR 


Write Recovery Time 


5 




5 




ns 


*ODW 


R/W to Output in High-Z 




30 




50 




toEW 


R/W to Output in Low-Z 














^DS 


Data Setup Time 


40 




40 






^DH 


Data Hold Time 















AC Test Conditions 



Input Pulse Levels 


2.6V/0.4V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTLGate and Cl= lOOpF 
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TC55257CPI/CFI/CSPI/CFTI/CTRI-85/10 



Timing Waveforms 
Read Cycle 

tRC 




UNKNOWN 



Write Cycle 1 (R/W Controlled Write) 
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TC55257CPI/CFI/CSPI/CFTI/CTRI-85/10 Static RAM 

Write Cycle 2 (CE Controlled Write) 

twc 




Notes: 

1 . R/W is high for read cycles. 

2. If the CE low transition occurs coincident with or after the RAN low transition, outputs remain in a high impedance 
state. 

3. If the CE high transition occurs coincident with or prior to the RM high transition, outputs remain 
in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = -40 ~ 85°C) 



SYIVIBOL 


PARAIVIETER 


IVIIN. 


TYP. 


IVIAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


IdDS2 


Standby Current 


Vdh = 3.0V 






100 


HA 


Vdh = 5.5V 






200 


tCDR 


Chip Deselect to Data Retention Mode 









ns 


tR 


Recovery Time 


tRC(1) 







Note (1): Read Cycle Time 

CE Controlled Data Retention Mode 




Note (2): If the V|h of CE is 2.4V in operation, I^qsi current flows during the period that the V^q voltage is going down from 4.5V to 2.6V. 
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Notes 
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TOSHIBA 



TC55257CPI/CFI/CSPI/CFn/CTRI-^5L/10L 



- SILICON GATE CMOS 



PRELIMINARY 



32,768 WORD x 8 BIT STATIC RAM 



Description 

The TC55257CPI is a 262,144 bit CMOS static random access memory organized as 32,768 words by 8 bits and operated from a 
single SV power supply. Advanced circuit techniques provide both high speed and low power features with an operating current of 
5mA/MHz (typ.) and a minimum cycle time of 85ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 2[nA at room tem- 
perature. The TC55257CPI has two control inputs. Chip enable (CE) allows for device selection and data retention control, while an 
output enable input (OE) provides fast memory access. The TC55257CPI is suitable for use in microprocessor systems where high 
speed, low power, and battery backup are required. The TC55257CPI is guaranteed over an operating temperature range of 
-40 ~ 85°C so the TC55257CPI is suitable for use in wide operating temperature systems. 

The TC55257CPI is offered in a standard dual-in-line 28-pin plastic package (0.6/0.3 inch width), a small outline plastic pack- 
age, and a thin small outline plastic package (forward type, reverse type). 

Pin Connection (Top View) 

o 28 PIN DIP & SOP 



Features 

• Low power dissipation: 

• Standby current; 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
2|iA (max.) at Ta = 25°C 





TC55257CPI/CFI/CSPI/CFTI/CTRI 


-85L 


-10L 


Access Time 


85ns 


100ns 


CE Access Time 


85ns 


100ns 


OE Access Time 


45ns 


50ns 



Power down feature: CE 

Data retention supply voltage: 2.0 ~ 5.5V 

Inputs and outputs TTL compatible 

Wide operating temperature: -40 ~ 85°C 



A14 


c 


1 


23 


] 


Voo 


A12 


[ 


2 


27 


3 


(VW 


A7 


c 


3 


26 


] 


A13 


A6 


c 


4 


25 


] 


A8 


AS 


c 


s 


24 


3 


A9 


A4 


[ 


6 


23 


3 


Al^l 


A3 


c 


7 


22 


3 


OE 


A2 


c 


8 


21 


3 


AID 


A1 


c 


9 


20 


3 


CE 


AO 


c 


10 


19 


3 


1/08 


1/01 


c 


11 


18 


3 


1/07 


1/02 


c 


12 


17 


3 


1/06 


1/03 


[ 


13 


16 


3 


I/OS 


GNO 


[ 


14 


15 


3 


1/04 



o 28 PIN TSOP 



{ forward type ) ( reverse type) 



Package 



Pin Names 



TC55257CPI 

TC55257CFI 

TC55257CSPI 

TC55257CFTI 

TC55257CTRI 



DIP28-P-600 

SOP28-P-450 

DIP28-P-300B 

TSOP28-P 

TSOP28-P-A 





AO ~ A14 


Address Inputs 




R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


1/01 ~ i/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


PIN NAME 


OE 


Aii 


Ag 


As 


Ai3 


R/W 


Vdd 


Al4 


Al2 


A/ 


Ae 


As 


A4 


A3 


PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


PIN NAME 


A2 


Ai 


Ao 


I/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 


CE 


A10 
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TC55257CPI/CFI/CSPI/CFTI/CTRI-85L/10L Static RAM 



Block Diagram 



A50 
A6» 
A70 
A80 
A90 
Alio 
A120- 
AI30 
AI40 



1/01 O 



I/08O 




OE^' 



Operating Mode 



^^"^------..^^ PIN 

MODE ^^^-^--...^^^ 


CE 


OE 


R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


L 


H 


Dqut 


'ddo 


Write 


L 




L 


D|N 


'ddo 


Output Deselect 


L 


H 


H 


High-Z 


'ddo 


Standby 


H 






High-Z 


'dds 



HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V,N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/o 


Input and Output Voltage 


-0.5* ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1 .0/0.8/0.6** 


w 


"•"solder 


Soldering Temperature • Time 


260* 10 


°C • sec 


"•"STRG 


Storage Temperature 


-55 ~ 150 


°C 


Tqpr 


Operating Temperature 


-40 -V 85 


°C 



* -3.0V with a pulse width of 50ns 

** Package dependent: 0.6 inch 1 .OW, 0,3 inch O.BW, 0.45 inch 0.6W 
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DC Recommended Operating Conditions 



SYMBOL 


PARAIVIETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.4 




Vdd + 0.3 


VlL 


Input Low Voltage 


-0.3* 




0.6 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 50ns 



DC Characteristics (Ta = -40 ~ SS'C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN 


TYP. 


MAy 

If IMA. 


UNIT 


'u 


Input Leakage Current 


ViN = ~ Vdd 






±1 .0 


|j,A 


'lo 


Output Leakage Current 


CE = V|H or HW = V|L or OE = V|h 
Vqut = ~ Vdd 






±1.0 


^A 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CE = V|L 
R/W = V|H 

Other Input = V|h/V|l 
Iqut = 0mA 


^cycle — 1 M^S 




10 




mA 


tcycie = Min. cycle 






70 


'dD02 


CE = 0.2V 

R/W = Vdd - 0.2V 

Other Input 

= Vdd - 0.2V/0.2V 
Iqut = 0mA 


^cycle = 1 M^S 




5 




tcycie = Min- cycle 






60 


'ddsi 


Standby Current 


CE = V|H 






3 


mA 


IdDS2 


CE = Vdd - 0-2V 
Vdd = 2.0V ~ 5.5V 


Ta = -40 ~ 85°C 






30 


|iA 


Ta = 25°C 






2 



Capacitance* (Ta = 25''C, f = 1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


pF 


Cqut 


Output Capacitance 


VouT = GND 


10 



*This parameter is periodically sampled and is not 100% tested. 



PRELIIVIINARY 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



A-77 



TC55257CPI/CFI/CSPI/CFTI/CTRI-85L/10L Static RAM 



AC Characteristics (Ta = -40 ~ 85°C, Vdd = 5V±10%) 



Read Cycle 







TC55257CPI/CFI/CSPI/CFTI/CTRI 




O I lYI D U L 


PARAMFTFR 
rnrlHlTlt 1 cn 


-85L 


-10L 








MIN. 


MAX. 


MIN. 


MAX. 




^RC 


Read Cycle Time 


85 




100 








Address Access Time 




85 




100 






CE Access Time 




85 




100 




tOE 


Output Enable to Output in Valid 




45 




50 




*COE 


Chip Enable (CE) to Output in Low-Z 


5 




5 




ns 


*OEE 


Output Enable to Output in Low-Z 














toD 


Chip Enable (CE) to Output in High-Z 




30 




50 




^ODO 


Output Enable to Output in High-Z 




30 




40 




tOH 


Output Data Hold Time 


10 




10 







Write Cycle 







TC55257CPI/CFI/CSPI/CFTI/CTRI 




SYMBOL 


PARAMETER 


-85L 


-10L 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 






Write Cycle Time 


85 




100 






tyvp 


Write Pulse Width 


60 




70 






tew 


Chip Selection to End of Write 


65 




90 






Us 


Address Setup Time 
















Write Recovery Time 


5 




5 




ns 


tODW 


R/W to Output in High-Z 




30 




50 




toEW 


R/W to Output in Low-Z 














tos 


Data Setup Time 


40 




40 






*DH 


Data Hold Time 















AC Test Conditions 



Input Pulse Levels 


2.6V/0.4V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTL Gate and Cl = lOOpF 
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Timing Waveforms 
Read Cycle 

tRC 




UNKNOWN 



Write Cycle 1 (R/W Controlled Write) 
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TC55257CPI/CFI/CSPI/CFTI/CTRI-85Lyi0L Static RAM 



Write Cycle 2 (CE Controlled Write) 

twc 




Notes: 

1 . FVW is high for read cycles. 

2. If the CE low transition occurs coincident with or after the RM low transition, outputs remain in a high impedance 
state. 

3. If the CE high transition occurs coincident with or prior to the RAV high transition, outputs remain 
in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 
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static RAM TC55257CPI/CFI/CSPI/CFTI/CTRI-85Lyi0L 



Data Retention Characteristics (Ta = -40 ~ 85°C) 



SYMBOL 


PARAIVIETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






15* 




Vdh = 5.5V 






30 


tCDR 


Chip Deselect to Data Retention Mode 









ns 


tR 


Recovery Time 


tRC(1) 







Note (1): Read Cycle Time *2nA (max.) Ta = ~ 40°C 



CE Controlled Data Retention Mode 




GND 

Note (2): If the V|h of CE is 2.4V in operation, I 

DDS1 current flows during the period that the Vqq voltage is going down from 4.5V to 2.6V. 
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Notes 
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TOSHIBA 



TC551()01APL/AFL/AFTL/AmW85/10(LT) 



SILICON GATE CMOS 



131,072 WORD X 8 BIT STATIC RAM 



Description 

The TC551 001 APL is a 1 ,048,576 bit CMOS static random access memory organized as 1 31 ,072 words by 8 bits and operated 
from a single 5V power supply. Advanced circuit techniques provi de bo th high speed and low power features with an operating Cur- 
rent of 5mA/MHz (typ.) and a minimum cycle time of 70ns. When CE1 is a logical high, or CE2 is low, the device is placed in a low 
powe r standby mode in which the standby current is 2|aA typically The TC551 001 APL has three control inputs. Chip enable inputs 
(CE1 , CE2) allow for device selection and data retention control, while an output enable input (O^ provides fast memory access. 
The TC551001 APL is suitable for use in microprocessor systems where high speed, low power, and battery backup are required. 
The TC551001 APL-(LT) has an operating temperature range of -20 ~ 70°C so it is suitable for use in low temperature applications. 

The TC551 001 APL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a thin small 
outline plastic package (forward type, reverse type). 

Pin Connection (Top View) 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
1 0OfiA (max.) 



PIN TSOP 





TC551 001 APL/AFL/AFTL/ATRL 


-70(LT) 


-85(LT) 


-10(LT) 


Access Time 


70ns 


85ns 


100ns 


CE1 Access Time 


70ns 


85ns 


100ns 


CE2 Access Time 


70ns 


85ns 


100ns 


OE Access Time 


35ns 


45ns 


50ns 



Power down feature: CE1 , CE2 
Data retention supply voltage: 2.0 ~ 5.5V 
Wide operating temperature: -20 ~ 70°C 
Inputs and outputs TTL compatible 




Package 



Pin Names 



TC551001APL 
TC551001AFL 
TC551001AFTL 
TC551001ATRL 



DIP32-P-600 
SOP32-P-525 
TSOP32-P-0820 
TSOP32-P-0820A 



AO ~ A16 


Address Inputs 




R/W 


Read/Write Control Input 


OE 


Output Enable Input 


GET, CE2 


Chip Enable Inputs 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


NO 


No Connection 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


As 


Al3 


R/W 


CE2 


Al5 


Vdd 


NC 


A16 


Al4 


A12 


Ay 


As 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


I/05 


1/06 


1/07 


1/08 


GET 


A10 


OE 
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TC551001APUAFL/AFTL/ATRL-70/85/10(LT) Static RAM 



Block Diagram 



1/01 




MEMORY CELL 

ARRAY 
512x64x32 
(1048576) 



SENSE AMP. 



1/08 



COLUMN ADDRESS 
^ DECODER.^ 

COLUMN ADDRESS 

^ REGISTER ^ 

COLUMN ADDRESS 
BUFFER 

ITiTTTTT 

AO A1 A2 A3 A4 AS A6 A10 



R/Wo- 
CE2 




CE 



Operating Mode 



PIN 

MODE 


CE1 


CE2 


OE 


R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


H 


L 


H 


Dqut 


'ddo 


Write 


L 


H 




L 


D|N 


'ddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


'ddo 


Standby 


H 








High-Z 


'dds 




L 






High-Z 


'dds 



'HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/o 


Input and Output Voltage 


-0.5 -Vdd + 0.5 


V 


Pd 


Power Dissipation 


1 .0/0.6** 


w 


Tsolder 


Soldering Temperature • Time 


260* 10 


°C • sec 


TsTRG 


Storage Temperature 


-55 ~ 150 


°C 


TOPR 


Operating Temperature 


-20 -70 


°C 



* -3.0V with a pulse width of 50ns 
** SOP 
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static RAM TC551 001 APL/AFL/AFTLyATRL-70/85/1 0(LT) 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.4 




Vdd + 0.3 


V,L 


Input Low Voltage 


-0.3 




0.6 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



DC Characteristics Ha = -20 ~ 70°C, = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP 


MAX. 


UNIT 


"li 


Input Leakage Current 


V|N = ~ Vdd 


— 




±1.0 




Ilo 


Output Leakage Current 


GET = V|H or CE2 = V|l or RAA/ = V|l or 
OE = V|h,Vout = 0~Vdd 






±1.0 




'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


"OL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CE1 =V|LandCE2 =V|h 

and R/W = V|h, 
Iqut = 0mA 
Other Inputs = V|hA/|i_ 


^cycle 


Min. 






70 


mA 


1|IS 






20 


IdD02 


CET = 0.2V and 
CE2 = Vdd - 0.2V 

R/W = Vdd - 0.2V 

Iqut = 0mA 

Other Inputs 
= Vdd - 0.2V/0.2V 


^cycle 


Min. 






60 


1|J.S 






10 


'ddsi 


Standby Current 


CE1 =V|H0rCE2 = V|L 






3 


mA 


1 (1) 

'DDS2 


CE1 = Vdd - 0.2V or 

CE2 = 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = -20 ~ 70°C 






100 


|i,A 


Ta = 25°C 




2 





Note (1): If CE1 > Vpo - 0.2V, the specified limits are guaranteed under the condition CE2 > Vqd - 0.2V or CE2 < 0.2V. 
Capacitance* (Ta = 25°C, f = 1 MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT = GND 


10 



*This parameter is periodically sampled and is not 100% tested. 
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TC551 001 APUAFLyAFTLyATRL-70/85/1 0(LT) Static RAM 



AC Characteristics (Ta = -20 ~ 70°C, Vqd = 5V±10%) 



Read Cycle 







TC551 001 APL/AFL/AFTL/ATR L 




CYMRni 

O 1 IVIDUL 


PARAMFTFR 


-70(LT) 


-85(LT) 


-10(LT) 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


70 




85 




100 






^ACC 


Address Access Time 




70 




85 




100 




tcol 


CET Access Time 




70 




85 




100 




tc02 


CE2 Access Time 




70 




85 




100 




tOE 


Output Enable to Output in Valid 




35 




45 




50 


ns 


tcOE 


Chip Enable (CET, CE2) to Output in Low-Z 


5 




5 




5 




tOEE 


Output Enable to Output in Low-Z 



















tOD 


Chip Enable (GET, CE2) to Output in High-Z 




25 




30 




35 




tODO 


Output Enable to Output in High-Z 




25 




30 




35 




tOH 


Output Data Hold Time 


10 




10 




10 







Write Cycle 







TC551001APL/AFL/AFTL/ATRL 




SYMBOL 


PARAMETER 


-70(LT) 


-85(LT) 


-10(LT) 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




twc 


Write Cycle Time 


70 




85 




100 






twp 


Write Pulse Width 


50 




60 




60 






tew 


Chip Selection to End of Write 


60 




75 




80 






tAS 


Address Setup Time 



















twR 


Write Recovery Time 

















ns 


toDW 


R/W to Output in High-Z 




25 




30 




35 




tOEW 


R/W to Output in Low-Z 



















bs 


Data Setup Time 


30 




35 




40 








Data Hold Time 




















AC Test Conditions 



Input Pulse Levels 


2.6V/0.4V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timirig Measurement Reference Levels 


1.5V 


Output Load 


1 TTL Gate and Cl= lOOpF 
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static RAM TC551 001 APL/AFUAFTUATRL-70/85/1 0(LT) 



Timing Waveforms 
Read Cycle 



ADDRESSES 



CE2 




DouT 



Write Cycle 1 (R/W Controlled Write) 



ADDRESSES 
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TC551 001 APL/AFLyAFTL/ATRL-70/85/1 0(LT) Static RAM 




static RAM TC551 001 APL/AFL/AFTLyATRL-70/85/1 0(LT) 



Notes: 

1 . R/W is high for read cycles. 

2. If the CE1 low transition or CE2 high transition occurs coincident with or after the RAA/ low transition, outputs remain in 
a high impedance state. 

3. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the RAA/ high transition, outputs 
remain in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 
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TC551001APUAFL/AFTUATRL-70/85/10(LT) Static RAM 



Data Retention Characteristics (Ta = -20 ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






50 




Vdh = 5.5V 






100 


*CDR 


Chip Deselect to Data Retention Mode 









ns 


tR 


Recovery Time 


5 






ms 



CE1 Controlled Data Retention Mode^^' 
Vdo 




DATA RETENTION MODE 



Voo-0.2V 




GND 



CE2 Controlled Data Retention Mode 



Vdd 
4.5V 



ViH \ troR 



V,L 



DATA RETENTION MODE 



0.2V 



GND 



Notes: 



1 . In the CE1 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V or 
CE2 > Vqd - 0.2V 

2. If the V||_| of CE1 is 2.4V in operation, during the period that the V^q voltage is going down from 4.5V to 2.6V, Iqqsi 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V. 
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TOSHIBA 



TC551001APL/AFL/AFTL/ATRL-70L/85L/10L(LT) 



SILICON GATE CMOS 

131 ,072 WORD X 8 BIT STATIC RAM 



Description 

The TC551 001 APL is a 1 ,048,576 bit CMOS static random access memory organized as 1 31 ,072 words by 8 bits and operated 
from a single 5V power supply. Advanced circuit techniques provi de bo th high speed and low power features with an operating cur- 
rent of 5mA/MHz (typ.) and a minimum cycle time of 70ns. When CE1 is a logical high, or CE2 is low, the device is placed in a low 
powe r standby mode in which the standby current is 2nA typically The TC551 001 APL has three control inputs. Chip enable inputs 
(CE1 , CE2) allow for device selection and data retention control, while an output enable input (O^ provides fast memory access. 
The TC551001APL is suitable for use in microprocessor systems where high speed, low power, and battery backup are required. 
The TC551001 APL-L(LT) has an operating temperature range of -20 ~ 70°C so it is suitable for use in low temperature applications. 

The TC551 001 APL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a thin small 
outline plastic package (forward type, reverse type). 

Pin Connection (Top View) 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
4nA (max.) at Ta = 25°C 



PIN TSOP 





TC551 001 APL/AFL/AFTL/ATRL 


-70L(LT) 


-85L(LT) 


-10L(LT) 


Access Time 


70ns 


85ns 


100ns 


CET Access Time 


70ns 


85ns 


100ns 


CE2 Access Time 


70ns 


85ns 


100ns 


0E Access Time 


35ns 


45ns 


50ns 



Power down feature: CE1 , CE2 
Data retention supply voltage: 2.0 ~ S.SV 
Wide operating temperature: -20 ~ 70°C 
Inputs and outputs TTL compatible 




Package 



Pin Names 



TC551001APL 
TC551001AFL 
TC551001AFTL 
TC551001ATRL 



DIP32-P-600 
SOP32-P-525 
TSOP32-P-0820 
T8OP32-P-0820A 



A0~A16 


Address Inputs 




R/W 


Read/Write Control Input 


OE 


Output Enable Input 


GET, CE2 


Chip Enable Inputs 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


As 


Ai3 


R/W 


CE2 


Ai5 


Vdd 


NC 


A16 


Al4 


A12 


Ay 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 


GET 


A10 


CE 
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TC551001APL/AFL/AFTL/ATRL-70L/85L/10L(LT) Static RAM 



Block Diagram 



A7« 
A8< 
A9< 
All* 
A12< 
A13< 
A14< 
A15< 
A16< 



CE 







</t 




v> 


V* 




W1 
Ui 




wt 


111 

ee 




eeee 




UI 
K 


O 




O UI 




Ooe 


OK 




o»- 




O Ui 


< Ui 










§i 




O Ui 




O Ui 


oe as 




K ec 




eeo 



MEIVIORY CELL 

ARRAY 
512x64x32 
(1048576) 



1/01 



1/08 



<o 



r 



< 

U UI 

oz 

_l Ui 



SENSE AMP. 



COLUMN ADDRESS 
. PgCOPSR . 



COLUMN ADDRESS 



R/Wo- 
CE2 



COLUMN ADDRESS 
BUFFER 

nTTTm 

AO A1 A2 A3 A4 AS A6 A10 



CE 




Operating Mode 



PIN 

IVIODE 


CE1 


CE2 


OE 


R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


H 


L 


H 


Dqut 


'ddo 


Write 


L 


H 




L 


D|N 


'ddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


boo 


Standby 


H 








High-Z 


'dds 




L 






High-Z 


bos 



HorL 



ly^aximum Ratings 



SYIVIBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/o 


Input and Output Voltage 


-0.5 ~ Vqd + 0.5 


V 


Pd 


Power Dissipation 


1 .0/0.6** 


w 


"•"solder 


Soldering Temperature • Time 


260 '10 


°C • sec 


"•"STRG 


Storage Temperature 


-55-150 


°C 


"•"OPR 


Operating Temperature 


-20 ~ 70 


°C 



* -3.0V with a pulse width of 50ns 
" SOP 
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static RAM TC551 001 APL/AFL/AFTL/ATRL-70L/85L/1 OL(LT) 



DC Recommended Operating Conditions 



SYIVIBOL 


PARAIVIETER 


IVIIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.4 




Vdd + 0.3 


V,L 


Input Low Voltage 


-0.3 




0.6 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



DC Characteristics (Ta = -20 ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


ViN = ~ Vdd 


- 


- 


±1.0 




Ilo 


Output Leakage Current 


GET = V|H or CE2 = V|l or R/W = V|l or 
OE = V|H, VouT = ~ Vdd 






±1.0 


^A 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


lOL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CET=: ViLand CE2 = V|h 

and R/W = V|h, 
louT = 0mA 
Other Inputs = V|h/V|l 


tcycle 


Min. 






70 


mA 


1|1S 






20 


'dD02 


CET = 0.2V and 
CE2 = Vdd - 0.2V 

R/W = Vdd - 0.2V 

louT = 0mA 

Other Inputs 
= Vdd - 0.2V/0.2V 


^cycle 


Min. 






60 


1|XS 






10 


'ddsi 


Standby Current 


CET = V|H or CE2 = V|l 






3 


mA 


1 (1) 

'dDS2 


CET = Vdd - 0.2V or 

CE2 = 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = -20 ~ 70°C 






30 


HA 


Ta = 25°C 




2 


4 



Note (1): If CE1 > V^d - 0.2V, the specified limits are guaranteed under the condition CE2 > Vqd - 0.2V or CE2 < 0.2V 



Capacitance* (Ta = 25°C, f = AMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT = GND 


10 



*This parameter is periodically sampled and is not 100% tested. 
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TC551001APL/AFL/AFTL/ATRL-70L/85L/10L(LT) Static RAM 



AC Characteristics (Ta = -20 - 70°C, Vpo = 5V±10%) 



Read Cycle 







TC551 001 APL/AFL/AFTL/ATRL 




SYMBOL 


PARAMETER 


-70L(LT) 


-85L(LT) 


-IGL(LT) 


UNIT 






IVIIN. 


M AV 

MAa. 


MIM 

iniN. 


MAY 

MAA. 


MIM 

MIN. 


MAV 

MAA. 






Read Cycle Time 


70 




85 




100 








Address Access Time 




70 




85 




100 




tcoi 


GET Access Time 




70 




85 




100 




tc02 


CE2 Access Time 




70 




85 




100 




toE 


Output Enable to Output in Valid 




35 




45 




50 


ns 


tcOE 


Chip Enable (CET, CE2) to Output in Low-Z 


5 




5 




5 




toEE 


Output Enable to Output in Low-Z 



















bo 


Chip Enable (CET, CE2) to Output in High-Z 




25 




30 




35 




toDO 


Output Enable to Output in High-Z 




25 




30 




35 






Output Data Hold Time 


10 




10 




10 







Write Cycle 







TC551 001 APL/AFL/AFTL/ATRL 




SYMBOL 


PARAMETER 


-70L(LT) 


-85L(LT) 


-10L(LT) 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Write Cycle Time 


70 




85 




100 






twp 


Write Pulse Width 


50 




60 




60 






tew 


Chip Selection to End of Write 


60 




75 




80 






tAS 


Address Setup Time 





















Write Recovery Time 

















ns 


bow 


R/W to Output in High-Z 




25 




30 




35 




bEW 


R/W to Output in Low-Z 





















Data Setup Time 


30 




35 




40 






^DH 


Data Hold Time 




















AC Test Conditions 



Input Pulse Levels 


2.6V/0.4V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTLGate and Cl= lOOpF 
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static RAM TC551 001 APL/AFL/AFTL/ATRL-70L/85L/1 OL(LT) 



Timing Waveforms 
Read Cycle 



ADDRESSES 



CE2 




DouT 



Write Cycle 1 (R/W Controlled Write) 



ADDRESSES 



twc 
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TC551 001 APL/AFL/AFTL/ATRL-70L/85L/1 OL(LT) Static RAM 




static RAM TC551 001 APL/AFL/AFTL/ATRL-70L/85L/1 OL(LT) 



Notes: 

1 . R/W is high for read cycles. 

2. If the CE1 low transition or CE2 high transition occurs coincident with or after the R/W low transition, outputs rennain in 
a high impedance state. 

3. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the R/W high transition, outputs 
remain in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 
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TC551 001 APL/AFL/AFTL/ATRL-70L/85L/1 OL(LT) Static RAM 



Data Retention Characteristics (Ta = -20 ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






15* 


ma 


Vdh = 5.5V 






30 


tcDR 


Chip Deselect to Data Retention Mode 









ns 


tR 


Recovery Time 


5 






ms 



* 3|jA (max.) Ta = -20 ~ 40°C 

CE1 Controlled Data Retention Mode 




GND 

CE2 Controlled Data Retention Mode 




GND 

Notes: 

1 . In the CE1 controlled data retention mode, minimum standby current is acliieved under tine condition CE2 < 0.2V or 
CE2 > Vdd - 0.2V 

2. If the V|H of CE1 is 2.4V in operation, during the period tiiat the Vpo voltage is going down from 4.5V to 2.6V, Iddsi 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V. 
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TOSHIBA 



TC551(X)1APL/AFL/AFTL/ATRL-70L/85L/10L(LV) 



SILICON GATE CMOS 



131,072 WORD X 8 BIT STATIC RAM 



Description 

The TC551001APL is a 1 ,048,576 bit CMOS static random access memory organized as 131 ,072 words by 8 bits and operated 
from a single 5V power supply. Advanced circuit techniques provi de bo th high speed and low power features with an operating cur- 
rent of 5nfiA/MHz (typ.) and a minimum cycle time of 70ns. When GE1 is a logical high, or CE2 is low, the device is placed in a low 
powe r standby mode in which the standby current is 2|aA typically. The TC551 001 APL has three control inputs. Chip enable inputs 
(CE1 , CE2) allow for device selection and data retention control, while an output enable input (OE) provides fast memory access. 
The TC551001APL is suitable for use in microprocessor systems where high speed, low power, and battery backup are required. 
The TC551001APL-L(LV) operates and is characterized at both 3 and 5 volts. 

The TC551 001 APL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a thin small 
outline plastic package (forward type, reverse type). 

Pin Connection (Top View) 
o 32 PIN DIP & SOP 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
4|aA (max.) at Ta = 25°C 





TC551001APL/AFL/AFTL/ATRL 


-70L(LV) 


-85L(LV) 


-10L(LV) 


Access Time 


70ns 


85ns 


100ns 


GET Access Time 


70ns 


85ns 


100ns 


CE2 Access Time 


70ns 


85ns 


100ns 


OE Access Time 


35ns 


45ns 


50ns 



Power down feature: CE1 , CE2 

Data retention supply voltage: 2.0 ~ 5.5V 

Inputs and outputs TTL compatible 



NC C 
A16C 
AUC 
A12C 
A7 C 
A6 
A5 
A4 
A3 
A2 
A1 
AO 



Package 



Pin Names 



TC551001APL 
TC551001AFL 
TC551001AFTL 
TC551001ATRL 



DIP32-P-600 
SOP32-P-525 
TSOP32-P-0820 
TSOP32-P-0820A 



C 
C 

c 
c 

C 10 
C 11 

C 12 
l/OlC 13 
I/02C 14 
l/OSC 15 
GNDC 16 



32 □ 
31 □ 
30 □ 
29 □ 
28 □ 
27 □ 
26 □ 
25 □ 
24 3 
23 □ 
22 □ 



19 □ 
18 □ 
17 □ 



Vdd 
A15 
CE2 
R/W 
A13 
A8 
A9 
All 

m 

A10 



o 32 PIN TSOP 
( forward type ) ( reverse type ) 



21 □ 1/08 
20P 1/07 
I/06 
i/05 
1/04 




A0~A16 


Address Inputs 




R/W 


Read/Write Control Input 


OE 


Output Enable Input 


GET, CE2 


Chip Enable Inputs 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


A11 


A9 


As 


Ai3 


R/W 


CE2 


Al5 


Vdd 


NC 


A16 


Al4 


A12 


Ay 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


I/03 


GND 


I/04 


I/05 


I/06 


I/07 


I/08 


CET 


A10 


OE 
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TC551001APLyAFL/AFTL/ATRL-70Ly85LyiOL(LV) Static RAM 



Block Diagram 
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SENSE AMP. 



COLUMN ADDRESS 
DECODER 



COLUMN ADDRESS 
REGISTER 



=0^ 



COLUMN ADDRESS 
BUFFER 

nrnrn 

AO A1 A2 A3 A4 AS A6 A10 




CE 



Operating Mode 



PIN 

MODE 


CE1 


CE2 


OE 


R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


H 


L 


H 


Dqut 


'ddo 


Write 


L 


H 




L 


Din 


'ddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


'ddo 


Standby 


H 








High-Z 


'dds 




L 






High-Z 


Idds 



*HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/o 


Input and Output Voltage 


-0.5 ~ Vdd -H 0.5 


V 


Pd 


Power Dissipation 


1 .0/0.6** 


w 


Tsolder 


Soldering Temperature • Time 


260* 10 


°C • sec 


TSTRG 


Storage Temperature 


-55 ~ 150 


°C 


TqPR 


Operating Temperature 


0-70 


°C 



* -3.0V with a pulse width of 50ns 
** SOP 



A-100 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



static RAM TC551 001 APLyAFL/AFTL/ATRL-70L/85Lyi OL(LV) 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0-3 


V|L 


Input Low Voltage 


-0.3 




0.8 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



ovuiDni 
oYMdUL 


PARAMETER 


TEST CONDITION 


iviiN. 


TVD 

1 Yr. 


lUI AV 

MAA. 


1 IMIT 
UNI 1 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






+1.0 


|j.A 


'lo 


Output Leakage Current 


GET = V|H or CE2 = V|l or R/W = V|l or 
OE = V|H, VouT = ~ Vdd 






±1 .0 


I^A 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


Iddoi 


Operating Current 


CE1 =V|LandCE2 = V|h 

and R/W = V|h, 
louT = 0mA 
Other Inputs = V|h/V|l 


^cycle 


Min. 






70 


mA 


1|IS 






20 


'dD02 


GET = 0.2V and 
CE2 = Vdd - 0.2V 

R/W = Vdd - 0.2V 

louT = 0mA 

Other Inputs 
= Vdd - 0.2V/0.2V 


'cycle 


Min. 






60 


1|as 






10 


'ddsi 


Standby Current 


CE1 =V|H orCE2 = V|L 






3 


mA 


1 (1) 

'dDS2 


CE1 = Vdd -0.2V or 

CE2 = 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = ~ 70°C 






30 


fiA 


Ta = 25°C 




2 


4 



Note (1): If CE1 > Vpo - 0.2V, the specified limits are guaranteed under the condition CE2 > Vqd - 0.2V or CE2 < 0.2V 
Capacitance* (Ta = 25°C, f = 1 1VIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N = GND 


10 


PF 




Output Capacitance 


VouT = GND 


10 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



Read Cycle 







TC551001APL/AFL/AFTL/ATRL 




SYMBOL 


PARAMETER 


-70L(LV) 


-85L(LV) 


-10L(LV) 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


70 




85 




100 






Ucc 


Address Access Time 




70 




85 




100 




*C01 


CE1 Access Time 




70 




85 




100 




tC02 


CE2 Access Time 




70 




85 




100 




tOE 


Output Enable to Output in Valid 




35 




45 




50 


ns 


tcOE 


Chip Enable (CET, CE2) to Output in Low-Z 


10 




10 




10 




tOEE 


Output Enable to Output in Low-Z 


5 




5 




5 






toD 


Chip Enable (CET, CE2) to Output in High-Z 




25 




30 




35 




tODO 


Output Enable to Output in High-Z 




25 




30 




35 




*0H 


Output Data Hold Time 


10 




10 




10 







Write Cycle 







TC551001APL/AFL/AFTL/ATRL 




SYMBOL 


PARAMETER 


-70L(LV) 


-85L(LV) 


-10L(LV) 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Write Cycle Time 


70 




85 




100 






twp 


Write Pulse Width 


50 




60 




60 






tew 


Chip Selection to End of Write 


60 




75 




80 






*AS 


Address Setup Time 



















twR 


Write Recovery Time 

















ns 


toDW 


RA/V to Output in High-Z 




25 




30 




35 




tOEW 


RA/V to Output in Low-Z 


5 




5 




5 






*DS 


Data Setup Time 


30 




35 




40 








Data Hold Time 




















AC Test Conditions 



Input Pulse Levels 


2.4V/0.6V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTLGate and Cl= lOOpF 
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static RAM TC551 001 APUAFL/AFTL7ATRL-70L/85L/1 OL(LV) 




TC551001APLyAFLyAFTUATRL-70L/85LyiOL(LV) Static RAM 




static RAM TC551 001 APUAFUAFTLyATRL-yOLySSLyi OL(LV) 



Notes: 

1 . R/W is high for read cycles. 

2. If the CE1 low transition or CE2 high transition occurs coincident with or after the R/W low transition, outputs remain in 
a high impedance state. 

3. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the R/W high transition, outputs 
remain in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 
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TC551 001 APUAFLyAFTtyATRL-70L/85Lyi OL(LV) Static RAM 



Data Retention Characteristics (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






15* 


MA 


Vdh = 5.5V 






30 


tcDR 


Chip Deselect to Data Retention Mode 









ns 




Recovery Time 


5 






ms 



* 3|jA (max.) Ta = ~ 40°C 

CE1 Controlled Data Retention Mode 




GND 

CE2 Controlled Data Retention Mode 




Notes: 

1 . In the CE1 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V or 
CE2 > Vdd - 0.2V 

2. If the V||_| of CE1 is 2.2V in operation, during the period that the Vpo voltage is going down from 4.5V to 2.4V, Iqdsi 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2< 0.2V. 
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static RAM TC551 001 APL/AFUAFTL/ATRL-TOUSSUI OL(LV) 



3V Operation 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


2.7 


3.0 


3.3 


V 


V|H 


Input High Voltage 


Vdd - 0.2 




Vdd + 0.3 


V|L 


Input Low Voltage 


-0.3 




0.2 



DC Ctiaracteristics (Ta = ~ 70°C, Vqd = 3V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






+1.0 


HA 


Ilo 


Output Leakage Current 


CET = V|H or CE2 = V|l or R/W = V|l or 
OE = V|H, VouT = ~ Vdd 






+ 1.0 


^A 


'oh 


Output High Current 


VoH = Vdd - 0.2V 


-0.1 






mA 


loL 


Output Low Current 


Vol = 0.2V 


0.1 






mA 


IdD02 


Operating Current 


CE1 = 0.2V 

and CE2 = Vqd - 0.2V 
R/W = Vdd - 0.2V 
louT = 0mA 
Other Inputs = 

Vdd - 0.2V/0.2V 


^cycle 


Min. 






20 


mA 


1|iS 






5 


1 (1) 
'dDS2 


Standby Current 


CET = Vdd " 0.2V or 
CE2 = 0.2V 


Ta = ~ 70°C 






20 


|a,A 


Ta = 25°C 




1 


2 



Note (1): If CE1 > V^d - 0.2V, the specified limits are guaranteed under the condition CE2 > Vdq - 0.2V or CE2 < 0.2V 
Capacitance* (Ta = 25''C, f = IIVlHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


CoUT 


Output Capacitance 


VouT = GND 


10 



This parameter is periodically sampled and is not 100% tested. 
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3V Operation 

AC Characteristics (Ta = ~ 70°C, Vqd = 3V+10%) 



Read Cycle 



CVMDni 


DJl D A ftJICTCD 

rAnAlnb Ten 


MIN. 


MAX. 


1 IMIT 

UNII 




Read Cycle Time 


150 


~ 




tACC 


Address Access Time 




150 




tcoi 


CET Access Time 




150 




tc02 


CE2 Access Time 




150 




tOE 


Output Enable to Output in Valid 




75 


ns 


tcOE 


Chip Enable (CET, CE2) to Output in Low-Z 


10 




tOEE 


Output Enable to Output in Low-Z 


5 






toD 


Chip Enable (CET, CE2) to Output in High-Z 




50 




toDO 


Output Enable to Output in High-Z 




50 




tOH 


Output Data Hold Time 


10 






Write Cycle 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 




Write Cycle Time 


150 






tyvp 


Write Pulse Width 


100 






tew 


Chip Selection to End of Write 


120 






tAS 


Address Setup Time 









twR 


Write Recovery Time 







ns 


tODW 


R/W to Output in High-Z 




50 




tOEW 


R/W to Output in Low-Z 


5 






bs 


Data Setup Time 


60 








Data Hold Time 









AC Test Conditions 


Input Pulse Levels 


Vdd - 0.2V/0.2V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Cl= lOOpF 
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TOSHIBA 



TC551001API/AFI/AFT[/ATRI-85/10 



SILICON GATE CMOS 



131,072 WORD X 8 BIT STATIC RAM 



Description 

The TC551001 API is a 1 ,048,576 bit CMOS static random access memory organized as 131 ,072 words by 8 bits and operated 
from a single 5V power supply Advanced circuit techniques provi de bo th high speed and low power features with an operating cur- 
rent of 5mA/MHz (typ.) and a minimum cycle time of 85ns. When CE1 is a logical high, or CE2 is low, the device is placed in a low 
powe r standby mode in which the standby current is 2^A typically. The TC551001 API has three control inputs. Chip enable inputs 
(CE1 , CE2) allow for device selection and data retention control, while an output enable input (OE) provides fast memory access. 
The TC551001 API is suitable for use in microprocessor systems where high speed, low power, and battery backup are required. 
The TC551001 API has an operating temperature range of -40 ~ 85°C so it is suitable for use in wide operating temperature systems. 

The TC551001API is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a thin small 
outline plastic package (forward type, reverse type). 

Pin Connection (Top View) 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
200|aA (max.) 



o 32 PIN DIP & SOP 





TC551001API/AFI/AFTI/ATRI 


-85 


-10 


Access Time 


85ns 


100ns 


CE1 Access Time 


85ns 


100ns 


CE2 Access Time 


85ns 


100ns 


OE Access Time 


45ns 


50ns 



Power down feature: CE1 , CE2 
Data retention supply voltage: 2.0 ~ 5.5V 
Inputs and outputs TTL compatible 
Wide operating temperature: 



Package 



Pin Names 



TC551001API 
TC551001AFI 
TC551001AFTI 
TC551001ATRI 



-40 ~ 85°C 
: DIP32-P-600 
: SOP32-P-525 
: TSOP32-P-0820 
: TSOP32-P-0820A 



NC C 




32 


Vdd 


AieC 


2 


31 


□ A15 


A14C 


3 


30 


□ CE2 


A12C 


4 


29 


□ R/W 


A7 C 


5 


28 


□ A13 


A6 C 


6 


27 


□ A8 


A5 C 




26 


□ A9 


A4 C 


8 


25 


□ All 


A3 C 


9 


24 


□ 


A2 C 


10 


23 


ZJ A10 


A1 C 


11 


22 


□ m 


AO C 


12 


21 


□ i/08 


l/OlC 


13 


20 


□ 1/07 


I/02C 


14 


19 


□ 1/06 


i/oaC 


15 


18 


□ I/05 


gndE 


16 


17 


□ 1/04 



o 32 PIN TSOP 
( forward type ) { reverse type ) 




AO ~ A16 


Address Inputs 




R/W 


Read/Write Control Input 


OE 


Output Enable Input 


GET, CE2 


Chip Enable Inputs 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


As 


Al3 


R/W 


CE2 


Ai5 


Vdd 


NC 


A16 


Al4 


A12 


Ay 


As 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


I/04 


I/05 


I/06 


I/07 


1/08 


GET 


A10 


OE 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



A-109 



TC551 001 API/AFI/AFTI/ATRI-85/1 



Static RAM 



Block Diagram 



A7< 
A8< 
A9< 
A11< 
A12< 
A13< 
A14< 
A15< 
A16< 



CE 



o 

ooe 

< UI 

si 





«/» 




1/1 






v\ 

Ui 










ac ee 




UI 

ec 










OK 
O Ui 














<«/» 




<8 






O UI 




%^ 

O UI 






ee K 




oeo 





MEIVIORY CELL 

ARRAY 
512x64x32 
(1048576) 



1/01 



o- 

1/08 o- 



o 

ee 



<o 



r 



< 

^ee 

\J UI 

OZ 
UI 



SENSE AMP. 



COLUMN ADDRESS 



COLUMN ADDRESS 
RgGISTER 



R/Wo 
CE2 



COLUMN ADDRESS 
DUFFER 

AO A1 A2 A3 A4 A5 A6 A10 




CE 



Operating Mode 



PIN 

MODE 


CE1 


CE2 


OE 


R/W 


1/01 ~ 1/08 


POWER 


Read 


L 


H 


L 


H 


DquT 


'ddo 


Write 


L 


H 




L 


D|N 


'ddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


'ddo 


Standby 


H 








High-Z 


'dds 




L 






High-Z 


Idds 



HorL 



IVlaximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/o 


Input and Output Voltage 


-0.5 ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.0/0.6" 


w 


TSOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


TsTRG 


Storage Temperature 


-55 ~ 150 


°C 


TOPR 


Operating Temperature 


-40 ~ 85 


°C 



* -3.0V with a pulse width of 50ns 
** SOP 
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static RAM 



TC551 001 API/AFI/AFTI/ATRl-85/1 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.4 




Vdd + 0.3 


V,L 


Input Low Voltage 


-0.3 




0.6 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



DC Cliaracteristics (Ta = -40 ~ 85°C, Vpo = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


111 


Input Leakage Current 


V|N = ~ Vdd 






±1.0 


^lA 


'lo 


Output Leakage Current 


GET = V|H or CE2 = V|l or R/W = V|l or 
OE = V|H, VouT = ~ Vdd 






+1.0 


^A 


Iqh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


Iddoi 


Operating Current 


CET = V|Land CE2 = V|h 

and RA/V = V|h, 
Iqut = 0mA 
Other Inputs = V|hA/|l 


^cycle 


Min. 






70 


mA 


1ns 






20 


IdD02 


CET = 0.2V and 
CE2 = Vdd - 0.2V 

RA/V = Vdd - 0.2V 

louT = 0mA 

Other Inputs 
= Vdd - 0.2V/0.2V 


tgycie 


Min. 






60 


1|iS 






10 


'ddsi 


Standby Current 


CE1 = V|H orCE2 = V|L 






3 


mA 


1 (1) 

IdDS2 


CE1 = Vdd -0.2V or 

CE2 = 0.2V 
Vdd = 2-OV ~ 5.5V 


Ta = -40 ~ 85°C 






200 


^A 


Ta = 25°C 




2 





Note (1): If CE1 > Vqd - 0.2V, the specified limits are guaranteed under the condition CE2 > Vqd - 0.2V or CE2 < 0.2V. 

Capacitance* (Ta = 25°C, f = 1 1VIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT = GND 


10 



'This parameter is periodically sampled and is not 100% tested. 
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Static RAM 



AC Characteristics (Ta = -40 ~ 85°C, Vdd = 5V±10%) 



Read Cycle 







TC551001API/AFI/AFTI/ATRI 




SYMBOL 


PARAMETER 


-85 


-10 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


85 




100 






tACC 


Address Access Time 




85 




100 




tcoi 


CE1 Access Time 




85 




100 




tC02 


CE2 Access Time 




85 




100 




tOE 


Output Enable to Output in Valid 




45 




50 


ns 


tcOE 


Chip Enable (GET, CE2) to Output in Low-Z 


5 




5 




*OEE 


Output Enable to Output in Low-Z 














^OD 


Chip Enable (GET, CE2) to Output in High-Z 




35 




40 




hoo 


Output Enable to Output in High-Z 




35 




40 






Output Data Hold Time 


10 




10 







Write Cycle 







TC551001API/AFI/AFTI/ATRI 




SYMBOL 


PARAMETER 


-85 


-10 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 






Write Cycle Time 


85 




100 






tyvp 


Write Pulse Width 


60 




60 






tew 


Chip Selection to End of Write 


75 




80 






*AS 


Address Setup Time 














twR 


Write Recovery Time 












ns 


toDW 


R/W to Output in High-Z 




35 




40 




tOEW 


R/W to Output in Low-Z 














bs 


Data Setup Time 


35 




40 








Data Hold Time 















AC Test Conditions 



Input Pulse Levels 


2.6V/0.4V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTLGate and Cl= lOOpF 
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TC551 001 API/AFI/AFTI/ATRI-85/1 



Static RAM 




static RAM 



TC551 001 API/AFI/AFTI/ATRI-85/1 



Notes: 

1 . R/W is high for read cycles. 

2. If the CE1 low transition or CE2 high transition occurs coincident with or after the R/W low transition, outputs remain in 
a high innpedance state. 

3. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the RAV high transition, outputs 
rennain in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 
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Static RAM 



Data Retention Characteristics (Ta = -40 ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






100 


\xA 


Vdh = 5.5V 






200 


tCDR 


Chip Deselect to Data Retention Mode 









ns 


tR 


Recovery Time 


5 






ms 



CE1 Controlled Data Retention Mode 




GND 

CE2 Controlled Data Retention Mode 




GND — — — 

Notes: 

1 . In the CE1 controlled data retention mode, mininnum standby current is achieved under the condition CE2 < 0.2V or 
CE2>Vdd-0.2V 

2. If the V|H of CE1 is 2.4V in operation, during the period that the Vdq voltage is going down from 4.5V to 2.6V, Iqdsi 
current flov^s. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V. 
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TOSHIBA 



TC551001API/AFI/AFT[/ATRI^5L/10L 



SILICON GATE CMOS 



131,072 WORD X 8 BIT STATIC RAM 



Description 

The TC551001 API is a 1 ,048,576 bit CMOS static random access memory organized as 131 ,072 words by 8 bits and operated 
from a single 5V power supply Advanced circuit techniques provi de bo th high speed and low power features with an operating cur- 
rent of 5mA/MHz (typ.) and a minimum cycle time of 85ns. When CE1 is a logical high, or CE2 is low, the device is placed in a low 
powe r standby mode in which the standby current is 2|aA typically. The TC551001 API has three control inputs. Chip enable inputs 
(CE1 , CE2) allow for device selection and data retention control, while an output enable input (O^ provides fast memory access. 
The TC551001API is suitable for use in microprocessor systems where high speed, low power, and battery backup are required. 
The TC551 001 API has an operating temperature range of -40 ~ 85°C so it is suitable for use in wide operating temperature systems. 

The TC551001 API is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a thin small 
outline plastic package (forward type, reverse type). 

Pin Connection (Top View) 
o 32 PIN DIP & SOP 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
4\xA (max.) at Ta = 25°C 





TC551 001 API/AFI/ARI/ATRI 


-851 


-10L 


Access Time 


85ns 


100ns 


GET Access Time 


85ns 


100ns 


CE2 Access Time 


85ns 


100ns 


OE Access Time 


45ns 


50ns 



Power down feature: CE1 , CE2 
Data retention supply voltage: 2.0 ~ 5.5V 
Inputs and outputs TTL compatible 
Wide operating temperature: 
Package TC551001API 
TC551001AFI 
TC551001AFTI 
TC551001ATRI 



Pin Names 



-40 ~ 85°C 
: DIP32-P-600 
: SOP32-P-525 
: TSOP32-P-0820 
: TSOP32-P-0820A 




Vdd 
A15 
CE2 
R/W 
A13 
A8 
A9 
All 

m 

A10 

m 

21 p 1/08 
20 □ 1/07 
19P I/06 
1/05 
i/04 



o 32 PIN TSOP 
{ forward type ) { reverse type ) 




A0~A16 


Address Inputs 




R/W 


Read/Write Control Input 




Output Enable Input 


CET, CE2 


Chip Enable Inputs 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


Ag 


Ae 


Al3 


R/W 


CE2 


Al5 


Vdd 


NC 


A16 


Al4 


A12 


A7 


Ae 


A5 


A4 


PIN NO. 


17 


16 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 


CET 


A10 


OE 



TOSHIBA AMERICA ELECTROr^lC COMPONENTS, INC. 



A-117 



TC551 001 API/AFI/AFTI/ATRI-85L/1 OL 



Static RAM 



Block Diagram 



CE 




(/I 










(A 




\n 

Ul 




«/« 


RE 




oe ee 




Ul 

«e 


a 




O Ul 




Ooe 










O Ul 


< Ul 










li 




O Ul 




O Ul 


K OB 




ee ee 




eeo 
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ARRAY 
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(1048576) 



1/01 



1/08 



»-z 
<o 



r 



< 

>eae 

U Ul 

OZ 

_i Ul 



SENSE AMP. 



COLUMN ADDRESS 
DECODER 



COLUMN ADDRESS 
REGISTER 



COLUMN ADDRESS 

mm. 



X5l o- 
R/Wo- 

CE2 



=0" 



TTTTUTi 

AO A1 A2 A3 A4 AS A6 A10 




CE 



Operating Mode 



PIN 

MODE 


CE1 


CE2 


OE 


R/W 


1/01-1/08 


POWER 


Read 


L 


H 


L 


H 


DquT 


boo 


Write 


L 


H 




L 


D|N 


boo 


Output Deselect 


L 


H 


H 


H 


High-Z 


boo 


Standby 


H 








High-Z 


bos 




L 






High-Z 


bos 



HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V,/o 


Input and Output Voltage 


-0.5 ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1 .0/0.6" 


w 


TsOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


TsTRG 


Storage Temperature 


-55-150 


X 


Tqpr 


Operating Temperature 


-40-85 


°C 



-3.0V with a pulse width of 50ns 
SOP 
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DC Recommended Operating Conditions 



SYIWBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V,H 


input High Voltage 


2-4 




Vdd + 0.3 


V,L 


Input Low Voltage 


-0.3 




0.6 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



DC Characteristics (Ta = -40 ~ 85°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ly 


Input Leakage Current 


V|N = ~ Vdd 


— 


- 


±1.0 


ma 


Ilo 


Output Leakage Current 


GET = V|H or CE2 = V|l or R/W = V|l or 
C5e = V|H,VouT = 0~ Vdd 






±1.0 




'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CE1 =V|LandCE2 = V|h 

and R/W = V|h, 
Iqut = 0mA 
Other Inputs = V|h/V|l 


^cycle 


Min. 






70 


mA 


1|as 






20 


'dD02 


CET = 0.2V and 
CE2 = Vdd - 0.2V 

R/W = Vdd - 0-2V 

louT = OmA 

Other Inputs 
= Vdd - 0.2V/0.2V 


tcycle 


Min. 






60 


1)iS 






10 


'ddsi 


Standby Current 


CeT = V|H or CE2 = V|l 






3 


mA 


'DDS2 


^ = Vdd -0.2V or 

CE2 = 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = -40 ~ 85°C 






70 




Ta = 25°C 




2 


4 



Note {1)-. If CE1 > Vdd - 0.2V, the specified limits are guaranteed under the condition CE2 > Vdd - 0.2V or CE2 < 0.2V 
Capacitance* (Ta = 25°C, f = 1 MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


CoUT 


Output Capacitance 


VouT = GND. 


10 



*Thls parameter Is periodically sampled and is not 1 00% tested. 
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AC Characteristics (Ta = -40 ~ 85°C, Vdd = 5V±10%) 



Read Cycle 







TC551001API/AFI/AFTI/ATRI 




SYMBOL 


PARAMETER 


•851 


-10L 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


85 




100 






Ucc 


Address Access Time 




85 




100 




tcoi 


CET Access Time 




85 




100 




tc02 


CE2 Access Time 




85 




100 




toE 


Output Enable to Output in Valid 




45 




50 


ns 


tcOE 


Chip Enable (UET, CE2) to Output in Low-Z 


5 




5 




toEE 


Output Enable to Output in Low-Z 














toD 


Chip Enable (CET, CE2) to Output in High-Z 




35 




40 




k)DO 


Output Enable to Output in High-Z 




35 




40 






Output Data Hold Time 


10 




10 







Write Cycle 







TC551001API/AFI/AFTI/ATRI 




SYMBOL 


PARAMETER 


-85L 


-101 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 




twc 


Write Cycle Time 


85 




100 








Write Pulse Width 


60 




60 






tew 


Chip Selection to End of Write 


75 




80 






tAS 


Address Setup Time 














tWR 


Write Recovery Time 












ns 


k)DW 


RAW to Output in High-Z 




35 




40 




tOEW 


R/W to Output in Low-Z 














tos 


Data Setup Time 


35 




40 








Data Hold Time 















AC Test Conditions 



Input Pulse Levels 


2.6V/0.4V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTL Gate and Cl = 100pF 
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Timing Waveforms 
Read Cycle (^) 



ADDRESSES 



CE2 




DouT 



Write Cycle 1 (R/W Controlled Write) 



ADDRESSES 



R/W 



CE2 



DoUT 



twc 
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Notes: 

1 . RAN is high for read cycles. 

2. If the CE1 low transition or CE2 high transition occurs coincident with or after the RAN low transition, outputs remain in 
a high impedance state. 

3. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the R/W high transition, outputs 
remain in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = -40 ~ 85°C) 



SYMBOL 


PARAIVIETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






35* 


mA 


Vdh = 5.5V 






70 


tCDR 


Chip Deselect to Data Retention Mode 









ns 


tR 


Recovery Time 


5 






ms 



*3|jA (max.) Ta = -40 ~ 40°C 



CE1 Controlled Data Retention Mode 




GND 

CE2 Controlled Data Retention Mode 




GND — — ■ 

Notes: 

1 . In the CE1 controlled data retention mode, minimunn standby current is achieved under the condition CE2 < 0.2V or 
CE2 > Vdd - 0.2V. 

2. If the V|H of CE1 is 2.4V in operation, during the period that the Vpo voltage is going down from 4.5V to 2.6V, Idqs.| 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V. 
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SILICON GATE CMOS 

1 31 ,072 WORD X 8 BIT STATIC RAM 

Description 

The TC551 001 BPL is a 1 ,048,576 bit CMOS static random access memory organized as 1 31 ,072 words by 8 bits and operated 
from a single 5V power suppiy Advanced circuit techniques provi de bo th high speed and iow power features with an operating cur- 
rent of 5mA/MHz (typ.) and a minimum cycie time of 70ns. When CE1 is a logical high, or CE2 is low, the device is placed in a low 
powe r standby mode in which the standby current is 2)aA typically The TC551001 BPL has three control inputs. Chip enable inputs 
(CE1 , CE2) allow for device selection and data retention control, while an output enable input (OE) provides fast memory access. 
The TC551 001 BPL is suitable for use in microprocessor systems where high speed, low power, and battery backup are required. 

The TC551 001 BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a thin small 
outline plastic package (forward type, reverse type). 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
1 00|jA (max.) 



Pin Connection (Top View) 
o 32 PIN DIP & SOP 





TC551 001 BPL/BFL/BFTL/BTRL 


-70 


-85 


-10 


Access Time 


70ns 


85ns 


100ns 


CE1 Access Time 


70ns 


85ns 


100ns 


CE2 Access Time 


70ns 


85ns 


100ns 


01 Access Time 


35ns 


45ns 


50ns 



Power down feature: CE1 , CE2 
Data retention supply voltage: 2.0 
Inputs and outputs TTL compatible 



5.5V 



Package 



Pin Names 



TC551001BPL 
TC551001BFL 
TC551001BFTL 
TC551001BTRL 



DIP32-P-600 
SOP32-P-525 
TSOP32-P-0820 
TSOP32-P-0820A 











NC C 




32 


□ Voo 


A16C 


2 


31 


□ A15 


A14C 


3 


30 


□ CE2 


A12C 


4 


29 


□ R/W 


A7 C 


5 


28 


□ A13 


A6 C 


6 


27 


□ A8 


A5 C 




26 


□ A9 


A4 E 


8 


25 


□ All 


A3 C 


9 


24 


□ m 


A2 C 


10 


23 


□ A10 


Al C 


11 


22 


□ SET 


AO C 


12 


21 


□ 1/08 


I/OlC 


13 


20 


□ 1/07 


I/O2C 


14 


19 


□ 1/06 


I/O3C 


15 


18 


□ I/OS 


GNOC 


16 


17 


□ 1/04 



o 32 PIN TSOP 
( forward type ) ( reverse type ) 




AO ~ A16 


Address Inputs 




R/W 


Read/Write Control Input 


SE 


Output Enable Input 


GET, CE2 


Chip Enable Inputs 


1/01 ~ 1/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


A11 


A9 


As 


Ai3 


R/W 


CE2 


Al5 


Vdd 


NC 


A16 


Ai4 


A12 


A7 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


I/03 


GND 


1/04 


1/05 


I/06 


1/07 


1/08 


CET 


A10 


OE 
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Block Diagram 
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1024 X 128x8 
(1048576) 
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SENSE AMP. 



COLUMN ADDRESS 
DECODER 



COLUMN ADDRESS 
. RSQI?T6R . 



COLUMN ADDRESS 



OE o- 



R/Wo 
CE2 



— f=C> 

H>cJ 



AO A1 A2 A3 A4 AS A6 





Operating Mode 



^"^^^--..^^ PIN 
MODE ^^^--^.^^ 


CE1 


CE2 


OE 


R/W 


1/01 " 1/08 


POWER 


Read 


L 


H 


L 


H 


Dqut 


'ddo 


Write 


L 


H 




L 


Din 


'ddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


'ddo 


Standby 


H 








High-Z 


'dds 




L 






High-Z 


'dds 



HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/o 


Input and Output Voltage 


-0.5 ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1 .0/0.6" 


w 


"■"solder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


"•"STRG 


Storage Temperature 


-55 ~ 150 


°C 


"TOPR 


Operating Temperature 


0-70 


°C 



-3.0V with a pulse width of 50ns 
SOP 



A-126 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



static RAM 



TC551 001 BPLyBFLyBFTL/BTRL-70/85/1 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V,H 


Input High Voltage 


2.2 




Vdd + 0.3 


V|L 


Input Low Voltage 


-0.3* 




0.8 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 50ns 



DC Characteristics (Ta = ~ TCC, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|n = 0~Vdd 






±1.0 


HA 


Ilo 


Output Leakage Current 


GET = V|H or CE2 = V|l or R/W = V|l or 
OE = V|H, VouT = ~ Vdd 






±1.0 


ma 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


"OL 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


'ddoi 


Operating Current 


CE1 =V|LandCE2 = V|h 

and R/W = V|h, 
Iqut = 0mA 
Other Inputs = V|h/V|l 


^cycle 


Min. 






70 


mA 


1|XS 






20 


'dD02 


CET = 0.2V and 
CE2 = Vdd - 0.2V 

R/W = Vdd -0.2V 

Iqut = 0mA 

Other Inputs 
= Vdd - 0.2V/0.2V 


^cycle 


MIn. 






60 


1|J.S 






10 


'ddsi 


Standby Current 


CE1 = V|H or CE2 = V|l 






3 


mA 


1 (1) 

'dDS2 


CE1 = Vdd - 0.2V or 

CE2 = 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = ~ 70°C 






100 


HA 


Ta = 25°C 




2 





Note (1): If CE1 > Vdd - 0-2V, the specified limits are guaranteed under the condition CE2 > V^q - 0.2V or CE2 < 0.2V 
Capacitance* (Ta = 25°C, f = IIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT=GND 


10 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C, Vdd = 5V±10%) 



Read Cycle 







TC551 001 BPL/BFL/BFTL/BTRL 




SYMBOL 


PARAMETER 


-70 


-85 


-10 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




^RC 


Read Cycle Time 


70 




85 




100 






*ACC 


Address Access Time 




70 




85 




100 




*C01 


GET Access Time 




70 




85 




100 




tC02 


CE2 Access Time 




70 




85 




100 




tOE 


Output Enable to Output in Valid 




35 




45 




50 


ns 


tcOE 


Chip Enable (GET, CE2) to Output in Low-Z 


10 




10 




10 




tOEE 


Output Enable to Output in Low-Z 


5 




5 




5 






tOD 


Chip Enable (CET, CE2) to Output in High-Z 




25 




30 




35 




tODO 


Output Enable to Output in High-Z 




25 




30 




35 






Output Data Hold Time 


10 




10 




10 







Write Cycle 







TC551 001 BPL/BFL/BFTL/BTRL 




SYMBOL 


PARAMETER 


-70 


-85 


-10 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




twc 


Write Cycle Time 


70 




85 




100 






Iwp 


Write Pulse Width 


50 




60 




60 






tew 


Chip Selection to End of Write 


60 




75 




80 






tAS 


Address Setup Time 



















twR 


Write Recovery Time 

















ns 


*ODW 


R/W to Output in High-Z 




25 




30 




35 




*OEW 


R/W to Output in Low-Z 


5 




5 




5 






*DS 


Data Setup Time 


30 




35 




40 








Data Hold Time 




















AC Test Conditions 



Input Pulse Levels 


2.4V/0.6V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTL Gate and Cl = lOOpF 
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Timing Waveforms 
Read Cycle 



ADDRESSES 




DoUT 



Write Cycle 1 (R/W Controlled Write) 



ADDRESSES 
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Notes: 

1 . R/W is high for read cycles. 

2. If the CE1 low transition or CE2 high transition occurs coincident with or after the R/W low transition, outputs remain in 
a high impedance state. 

3. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the RAN high transition, outputs 
remain in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 
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Data Retention Cliaracteristics (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


IdDS2 


Standby Current 


Vdh = 3.0V 






50 


HA 


Vdh = 5.5V 






100 


tCDR 


Chip Deselect to Data Retention Mode 









ns 


tR 


Recovery Time 


5 






ms 



CE1 Controiled Data Retention IVIode 




GND 

CE2 Controlled Data Retention Mode 




Notes: 

1 . In the CE1 controlled data retention mode, mininnum standby current is achieved under the condition CE2 < 0.2V or 
CE2 > Vdd - 0.2V 

2. If the V|H of CE1 is 2.2V in operation, during the period that the Vqd voltage is going down from 4.5V to 2.4V, IpDsi 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V. 
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SILICON GATE CMOS 

131,072 WORD X 8 BIT STATIC RAM 

Description 

The TC551 001 BPL is a 1 ,048,576 bit CMOS static random access memory organized as 1 31 ,072 words by 8 bits and operated 
from a single 5V power supply Advanced circuit techniques provi de bo th high speed and low power features with an operating cur- 
rent of 5mA/MHz (typ.) and a minimum cycle time of 70ns. When CE1 is a logical high, or CE2 is low, the device is placed in a low 
power standby mode in which the standby current is 2\xA typically The TC551 001 BPL has three control inputs. Chip enable inputs 
(CE1 , CE2) allow for device selection and data retention control, while an output enable input (O^ provides fast memory access. 
The TC551001BPL is suitable for use in microprocessor systems where high speed, low power, and battery backup are required. 

The TC551 001 BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a thin small 
outline plastic package (forward type, reverse type). 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



27.5mW/MHz (typ.) 
4^A (max.) at Ta = 25°C 



Pin Connection (Top View) 
o 32 PIN DIP & SOP 





TC551 001 BPL/BFL/BFTL/BTRL 


-70L 


-85L 


-10L 


Access Time 


70ns 


85ns 


100ns 


CE1 Access Time 


70ns 


85ns 


100ns 


CE2 Access Time 


70ns 


85ns 


100ns 


OE Access Time 


35ns 


45ns 


50ns 



• Power down feature: CE1 , CE2 

• Data retention supply voltage: 2.0 ~ 5.5V 

• Inputs and outputs TTL compatible 



Package 



Pin Names 



TC551001BPL 
TC551001BFL 
TC551001BFTL 
TC551001BTRL 



DIP32-P-600 
SOP32-P-525 
TSOP32-P-0820 
TSOP32-P-0820A 



NCC 1 
A16C 2 
A14C 3 
AnC 4 
A7 C 5 
A6 C 6 
AS C 7 
A4 C 8 
A3 C 9 
A2 C 10 
A1 C 11 
AO C 12 
l/Oltl 13 
1/02C 14 
I/OBC 15 
GNOC 16 



A13 
A8 
A9 



32D Voo 
31 □ A15 
30 □ CE2 
29 □ R/W 
28 □ 
27 □ 
26 □ 
25 □ All 

2a3 m 

23 □ A10 
22 3 CET 
21 □ 1/08 
20 □ 1/07 
19 □ i/06 
18 □ 1/05 
17 □ 1/04 



o 32 PIN TSOP 
( forward type ) { reverse type ) 




AO ~ A16 


Address Inputs 




R/W 


Read/Write Control Input 


OE 


Output Enable Input 


GET, CE2 


Chip Enable Inputs 


I/01 ~ I/08 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 


PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


As 


Al3 


R/W 


CE2 


Ai5 


Vdd 


NC 


A16 


Al4 


A12 


Ay 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


I/04 


1/05 


I/06 


1/07 


1/08 


GET 


A10 


OE 
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TC551001BPL/BFL/BFTLyBTRL-70Ly85LyiOL Static RAM 



Block Diagram 



A7 
AS 
A9 
A10' 
All ' 
A12' 
A13 ' 
A14 ' 
A15" 
A16< 



CE 



o 

4 Ui 

u. 

S5 



Ui 

oc ec 
O UI 
Q »- 
<tv% 

50 



1/01 



I/08 o- 



< 

< o 



O UI 

O Ui 



MEMORY CELL 

ARRAY 
1024 X 128x8 
(1048576) 



2: 



r 



< 

UI 

OZ 

_J UI 



SENSE AMP. 



COLUMN ADDRESS 



COLUMN ADDRESS 
REGISTER 



R/Wo- 
CE2 



rMD- 



BUFFER 

irTfrTT 

AOAI A2 A3 A4 AS A6 



GND 



COLUMN ADDRESS ^ 




CE 



Operating Mode 



PIN 

MODE ^^^------...^^^ 


CE1 


CE2 


OE 


R/W 


1/01 - 1/08 


POWER 


Read 


L 


H 


L 


H 


Dqut 


'ddo 


Write 


L 


H 




L 


D|N 


•ddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


'ddo 


Standby 


H 








High-Z 


'dds 




L 






High-Z 


'dds 



*HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/o 


Input and Output Voltage 


-0.5 ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1 .0/0.6** 


w 


Tsolder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


"•"STRG 


Storage Temperature 


-55- 150 


°C 


TOPR 


Operating Temperature 


0-70 





* -3.0V with a pulse width of 50ns 
** SOP 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0-3 


V|L 


Input Low Voltage 


-0.3* 




0.8 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 50ns 



DC Characteristics (Ta = - 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


"u 


Input Leakage Current 


V|N = ~ Vdd 


- 


- 


±1.0 


ma 


Ilo 


Output Leakage Current 


GET = V|H or CE2 = V|l or R/W = V|l or 
OE = V|H, VouT = ~ Vdd 






±1.0 


tiA 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0-4V 


4.0 






mA 


'ddoi 


Operating Current 


CET = V|LandCE2 = V|h 

and R/W = V|h, 
Iqut = 0mA 
Other Inputs = V|h/V|l 


tcycle 


Min. 






70 


mA 


1|1S 






20 


'dD02 


GET = 0.2V and 
CE2 = Vdd - 0.2V 

R/W = Vdd - 0.2V 

Iqut = 0mA 

Other Inputs 
= Vdd - 0.2V/0.2V 


tcycle 


Min. 






60 


1|XS 






10 


'ddsi 


Standby Current 


CE1 =V|HorCE2 = ViL 






3 


mA 


1 (1) 

'dDS2^ ' 


CE1 - Vdd - 0.2V or 

CE2 = 0.2V 
Vdd = 2 0V ~ 5.5V 


Ta = ~ 70°C 






30 




Ta = 25°C 




2 


4 



Note (1): If CE1 > V^d - 0.2V, the specified limits are guaranteed under the condition CE2 > Vqd - 0.2V or CE2 < 0.2V 
Capacitance* (Ta = 25''C, f = IIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT = GND 


10 



*This parameter is periodically sampled and is not 1 00% tested. 
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AC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



Read Cycle 







TC551 001 BPL/BFL/BFTL/BTRL 




SYMBOL 


PARAMETER 


-70L 


-SSL 


-10L 


UNIT 






MIM 
min. 


MAY 


inin. 


MAY 
IVInA. 


MIM 

iviin. 


MAY 
IVIHA. 






Read Cycle Time 


70 




85 




100 








Address Access Time 




70 




85 




100 




tcol 


GET Access Time 




70 




85 




100 




tc02 


CE2 Access Time 




70 




85 




100 




tOE 


Output Enable to Output in Valid 




35 




45 




50 


ns 


tcOE 


Chip Enable (GET, CE2) to Output in Low-Z 


10 




10 




10 




toEE 


Output Enable to Output in Low-Z 


5 




5 




5 






tOD 


Chip Enable (CET, CE2) to Output in High-Z 




25 




30 




35 




toDO 


Output Enable to Output in High-Z 




25 




30 




35 






Output Data Hold Time 


10 




10 




10 







Write Cycle 







TC551 001 BPL/BFL/BFTL/BTRL 




SYMBOL 


PARAMETER 


-70L 


-SSL 


-10L 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Write Cycle Time 


70 




85 




100 






twp 


Write Pulse Width 


50 




60 




60 






tew 


Chip Selection to End of Write 


60 




75 




80 






tAS 


Address Setup Time 



















twR 


Write Recovery Time 

















ns 


toDW 


R/W to Output in High-Z 




25 




30 




35 




tOEW 


RA/V to Output in Low-Z 


5 




5 




5 






Ids 


Data Setup Time 


30 




35 




40 






^DH 


Data Hold Time 




















AC Test Conditions 



Input Pulse Levels 


2.4V/0.6V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing IVIeasurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTL Gate and Cl = 100pF 
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Timing Waveforms 
Read Cycle 



ADDRESSES 




DouT 



Write Cycle 1 (R/W Controlled Write) 



ADDRESSES 
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static RAM TC551 001 BPLyBFUBFTL/BTRL-70U85U1 OL 



Notes: 

1 . R/W is high for read cycies. 

2. If the CE1 iow transition or CE2 high transition occurs coincident with or after the R/W low transition, outputs remain in 
a high impedance state. 

3. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the R/W high transition, outputs 
remain in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = ~ 70°C) 



SYIVIBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






15* 




Vdh = 5.5V 






30 


*CDR 


Chip Deselect to Data Retention Mode 









ns 


tR 


Recovery Time 


5 






ms 



*3nA (max.) Ta = ~ 40°C 

CE1 Controlled Data Retention Mode 

Vpp 




GND 

CE2 Controlled Data Retention IVIode 




GND — ■ 

Notes: 

1 . In the CE1 controlled data retention mode, nninimum standby current is achieved under the condition CE2 < 0.2V or 
CE2 > Vdd - 0.2V 

2. If the V|H of CE1 is 2.2V in operation, during the period that the Vpo voltage is going down from 4.5V to 2.4V, Idqsi 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V. 
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TOSHIBA 



TC554161FTL/TRL-70/85/10 



SILICON GATE CMOS 



PRELIMINARY 



262,144 WORD x 16 BIT STATIC RAM 



Description 

The TC554161FTL/rRL is a 4,194,304 bit CMOS static random access memory organized as 262,144 words by 16 bits and 
operated from a single 5V power supply Advanced circuit techniques provide both high speed and low power features with an 
operating current of 1 0mA/MHz (typ.) and a minimum cycle time of 70ns. When CE is a logical high, the device is placed in a low 
power standby mode in which the standby current is 1 00|aA (max.). The TC5541 61 FTL/TRL has two control inputs. A chip enable 
input (CE) allows for device selection and data retention control, while an output enable Input (O^ provides fast memory access. 
Byte access is supported by upper and lower byte controls. The TC5541 61 FTL/TRL is suitable for use in microprocessor systems 
where high speed, low power, and battery backup are required. The TC5541 61 FTL/TRL Is offered in a 54-pin thin small outline 
plastic package (forward type, reverse type). 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



55mW/MHz (typ.; 
1 GO|iA (max.) 



• Power down feature: CE 

• Data retention supply voltage: 2.0 ~ 5.5V 

• Inputs and outputs TTL compatible 

• Package TC554161FTL : TSOP54-P-400 

TC554161TRL : TSOP54-P-400A 

Pin Names 



A0~A17 


Address Inputs 


1/01 ~ 1/016 


Data Input/Output 


CE 


Chip Enable Input 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


lb,Db 


Data Byte Control input 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 



Pin Connection (Top View) 





TC5541 61 FTL/TRL 


-70 


-85 


-10 


Access Time 


70ns 


85ns 


100ns 


UE Access Time 


70ns 


85ns 


100ns 


01 Access Time 


35ns 


45ns 


50ns 



NC C 


10 


54 


1 


A4 


q 


54 


Ol 


3 NC 


A3 q 


2 


53 


1 


A5 


c 


53 


2 


3 A3 


A2 C 


3 


52 


3 


A6 


c 


52 


3 


3A2 


A1 C 


4 


51 


] 


A7 


c 


51 


4 


3 A1 


AO C 


5 


50 


] 


NC 


c 


50 


5 


3 AO 


1/016 C 


6 


49 


] 


1/01 


c 


49 


6 


3 1/016 


1/015 C 


7 


48 


] 


1/02 


c 


48 


7 


3 1/015 


VccC 


8 


47 


] 


Vcc 


c 


47 


8 


3 Vcc 


GNO C 


9 


46 


] 


GND 


c 


46 


9 


3 GND 


1/014 C 


10 


45 


] 


1/03 


c 


45 


10 


3 1/014 


1/013 C 


11 


44 


] 


1/04 


c 


44 


11 


3 1/013 


UB C 


12 


43 


] 


LB 


c 


43 


12 


3 UB 


CE C 


13 


42 


] 


OE 


c 


42 


13 


3^1 


NC £ 


14 


41 


3 


NC 


c 


41 


14 


3 NC 


R/W C 


15 


40 


] 


NC 


c 


40 


15 


3 R/W 


1/012 C 


16 


39 


] 


1/05 


c 


39 


16 


3 1/012 


1/011 C 


17 


38 


3 


1/06 


c 


38 


17 


3 1/011 


GNO C 


18 


37 


3 


GND 


c 


37 


18 


3 GND 


VccC 


19 


36 


3 


Vcc 


c 


36 


19 


3 Vcc 


I/O10 C 


20 


35 


3 


1/07 


c 


35 


20 


3 I/O10 


1/09 C 


21 


34 


3 


1/08 


c 


34 


21 


3 1/09 


NC C 


22 


33 


3 


A8 


c 


33 


22 


3 NC 


A17 C 


23 


32 


3 


A9 


c 


32 


23 


3 A17 


A16 C 


24 


31 


3 


A10 


c 


31 


24 


3 A16 


AIS C 


25 


30 


3 


All 


E 


30 


25 


3 A15 


A14 C 


26 


29 


3 


A12 


c 


29 


26 


3 A14 


A13 C 


27 


28 


3 


NC 


c 


28 


27 


3 A13 



FTL 



TRL 
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Operating Mode 



PIN 

MODE 


CE 


OE 


R/W 


LB 


UB 


1/01-1/08 


1/09-1/016 


POWER 










L 


L 


Output 


Output 


'ddo 


Read 


L 


L 


H 


H 


L 


High Impedance 


Output 


■ddo 










L 


H 


Output 


High Impedance 


'ddo 










L 


L 


Input 


Input 


'ddo 


Write 


L 




L 


H 


L 


High Impedance 


Input 


'ddo 










L 


H 


Input 


High Impedance 


'ddo 


Output Deselect 


L 


H 


H 






High Impedance 


High Impedance 


'ddo 


L 






H 


H 


Standby 


H 










High Impedance 


High Impedance 


'dds 



*HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


VlN 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/0 


Input and Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


0.6 


w 


"•"solder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


"•"STRG 


Storage Temperature 


-55 ~ 150 


°C 


"•"OPR 


Operating Temperature 


0-70 


°C 



* -3.0V with a pulse width of 30ns 
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static RAM 



TC5541 61 FTL/TRL-70/85/1 



DC Recommended Operating Conditions 



SYIVIBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.3 


V|L 


Input Low Voltage 


-0.3* 




0.8 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 30ns 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


111 


Input Leakage Current 


V|N = ~ Vdd 






±1.0 


^A 


Ilo 


Output Leakage Current 


CE = V|H or R/W = V|L or OE = V|h 
Vqut = ~ Vdd 






±1.0 


ViA 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0.4V 


2.1 






mA 


'ddoi 


Operating Current 


CE = V|L, louT = 0mA 
Other Inputs = V|hA/|l 


tcycle 


Min. 






100 


mA 


1|J,S 




15 




IdD02 


CE = 0.2V, louT = 0mA 
Other Inputs = V|hA/|l 


tcycle 


Min. 






90 


1|iS 




10 




'ddsi 


Standby Current 


CE = V|H, Other Inputs = V|hA/|l 






3 


mA 


IdDS2 


CE = Vdd - 0.2V 
Vdd = 2.0V - 5.5V 






100 


|j.A 



Capacitance* (Ta = aS'C, f = I.OIViHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 




Cqut 


Output Capacitance 


VouT = GND 


10 



*This parameter is periodically sampled and is not 100% tested. 
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TC5541 61 FTL/TRL-70/85/1 



Static RAM 



AC Characteristics (Ta = ~ 70°C, Vdd = 5V±10%) 



Read Cycle 







TC554161FTL/TRL 




SYMBOL 


PARAMETER 


-70 


-85 


-10 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


70 


— 


85 


— 


100 


— 






Address Access Time 




70 




85 




100 




tco 


CE Access Time 




70 




85 




100 




toE 


OE Access Time 




35 




45 




50 




tSA 


UB, LB Access Time 




35 




45 




50 




tOH 


Output Data Hold Time from Address Change 


10 




10 




10 




ns 


tcOE 


Output Enable Time from CE 


10 




10 




10 




bEE 


Output Enable Time from OE 


5 




5 




5 






tBE 


Output Enable Time from DB, LB 


5 




5 




5 






tOD 


Output Disable Time from CE 




25 




30 




35 




^ODO 


Output Disable Time from OE 




25 




30 




35 






Output Disable Time from DB, LB 




25 




30 




35 





Write Cycle 







TC554161FTL/TRL 




SYMBOL 


PARAMETER 


-70 


-85 


-10 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




*wc 


Write Cycle Time 


70 




85 




100 






twp 


Write Pulse Width 


50 




55 




60 






tew 


Chip Enable to End of Write 


60 




70 




80 






*BW 


UB, LB Enable to End of Write 


50 




55 




60 






tAS 


Address Setup Time 

















ns 


*WR 


Write Recovery Time 

















*DS 


Data Setup Time 


30 




35 




40 






^DH 


Data Hold Time 



















tOEW 


Output Enable Time from R/W 


5 




5 




5 






tODW 


Output Disable Time from R/W 




25 




30 




35 





AC Test Conditions 



Input Pulse Levels 


2.4V/0.6V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTL Gate and Cl = 1 0OpF 
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static RAM 



TC5541 61 FTLyTRL-70/85/1 



Timing Waveforms 
Read Cycle 

L !rc 




UNKNOWN 



Write Cycle 1 (R/W Controlled Write) 



tyvc 
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Static RAM 
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PRELIMINARY 



static RAM 



TC5541 61 FTL/TRL-70/85/1 



Notes: 

1 . R/W is high for read cycles. 

2. If the CE low transition occurs coincident with or after the RA/V low transition, outputs remain in 
a high innpedance state. 

3. If the CE high transition occurs coincident with or prior to the RAN high transition/outputs remain 
in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; therefore input signals of opposite phase must not be applied. 
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Static RAM 



Data Retention Characteristics (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






50 


HA 


Vdh = 5.5V 






100 


tCDR 


Chip Deselect to Data Retention Mode 









ns 




Recovery Time 


5 






ms 



CE Controlled Data Retention Mode 




GND — 

Note: 

1 . If the V|H of CE is 2.2V in operation, during the period that the Vqq voltage is going down from 4.5V to 2.4V, Iqqsi 
current flows. 
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SILICON GATE CMOS 



PRELIMINARY 



262,144 WORD x 16 BIT STATIC RAM 



Description 

The TC5541 61 FTUTRL is a 4,1 94,304 bit CMOS static random access memory organized as 262,1 44 words by 1 6 bits and 
operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low power features with an 
operating current of 10mA/MHz (typ.) and a minimum cycle time of 70ns. When CE is a logical high, the device is placed in a low 
power standby mode in which the standby current is 60|aA (max.). The TC554161 in"IJTRL has two control inputs. A chip enable 
input (CE) allows for device selection and data retention control, while an output enable input (OE) provides fast memory access. 
Byte access is supported by upper and lower byte controls. The TC5541 61 i^TL/TRL is suitable for use in microprocessor systems 
where high speed, low power, and battery backup are required. The TC5541 61 FTL/TRL is offered in a 54-pin thin small outline 
plastic package (forward type, reverse type). 



Features 

• Low power dissipation: 

• Standby current: 

• Single 5V power supply 

• Access time (max.) 



55mW/MHz (typ.) 

8mA (max.) at Ta = 25°C 



• Power down feature: CE 

• Data retention supply voltage: 2.0 ~ 5.5V 

• Inputs and outputs TTL compatible 

• Package TC554161i=TL : TSOP54-P-400 

TC554161TRL : TSOP54-P-400A 

Pin Names 



A0~A17 


Address Inputs 


1/01 ~ 1/016 


Data Input/Output 


CE 


Chip Enable Input 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


lb,Db 


Data Byte Control Input 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 



Pin Connection (Top View) 





TC5541 61 FTL/TRL 


-70L 


-SSL 


-10L 


Access Time 


70ns 


85ns 


100ns 


CE Access Time 


70ns 


85ns 


100ns 


OE Access Time 


35ns 


45ns 


50ns 



NC C^ 


10 


54 


: 


A4 


C 


54 


01 


3 NC 


A3 C 


2 


53 


: 


AS 


c 


53 


2 


3 A3 


A2 C 


3 


52 


] 


A6 


[ 


52 


3 


]A2 


Al C 


4 


51 


] 


A7 


c 


51 


4 


3 Al 


AO C 


5 


50 


] 


NC 


c 


50 


5 


3 AO 


1/016 C 


6 


49 


] 


1/01 


c 


49 


6 


31/016 


1/015 C 


7 


48 


] 


1/02 


c 


48 


7 


3 1/015 


VccC 


8 


47 


3 


Vcc 


c 


47 


8 


3 Vcc 


GNO C 


9 


46 


3 


GND 


c 


46 


9 


3 GNO 


1/014 C 


10 


45 


3 


1/03 


c 


45 


10 


3 t/014 


1/013 C 


11 


44 


3 


1/04 


c 


44 


11 


3 1/013 


UB C 


12 


43 


3 


LB 


c 


43 


12 


3 UB 


CE C 


13 


42 


3 


OE 


c 


42 


13 


3^ 


NC £ 


14 


41 


3 


NC 


c 


41 


14 


3NC 


R/W C 


15 


40 


3 


NC 


c 


40 


15 


3 R/W 


1/012 C 


16 


39 


3 


1/05 


c 


39 


16 


3 1/012 


1/011 c 


17 


38 


3 


1/06 


c 


38 


17 


3 i/on 


GNO C 


18 


37 


3 


GNO 


c 


37 


18 


3 GND 


VccC 


19 


36 


3 


Vcc 


c 


36 


19 


3 Vcc 


I/O10C 


20 


35 


3 


1/07 


c 


35 


20 


3 I/O10 


1/09 C 


21 


34 


3 


1/08 


c 


34 


21 


3 1/09 


NC C 


22 


33 


3 


A8 


c 


33 


22 


3NC 


A17 C 


23 


32 


3 


A9 


c 


32 


23 


3 A17 


A16 C 


24 


31 


3 


A10 


L 


31 


24 


3 A16 


AIS C 


25 


30 


3 


All 


c 


30 


25 


3 A15 


A14 C 


26 


29 


3 


A12 


c 


29 


26 


3 A14 


A13 C 


27 


28 


3 


NC 


c 


28 


27 


3 A13 



FTL 



TRL 
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Static RAM 



Block Diagram 




Operating Mode 



PIN 

MODE 


CE 


OE 


R/W 


LB 


UB 


1/01 - 1/08 


1/09-1/016 


POWER 










L 


L 


Output 


Output 


■ddo 


Read 


L 


L 


H 


H 


L 


High Impedance 


Output 


'ddo 










L 


H 


Output 


High Impedance 


'ddo 










L 


L 


Input 


Input 


boo 


Write 


L 




L 


H 


L 


High infipedance 


Input 


'ddo 










L 


H 


Input 


High Impedance 


'ddo 


Output Deselect 


L 


H 


H 






High Impedance 


High Impedance 


'ddo 


L 






H 


H 


Standby 


H 










High Impedance 


High Impedance 


'dds 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3* ~ 7.0 


V 


V|/o 


Input and Output Voltage 


-0.5* - Vdd + 0.5 


V 


Pd 


Power Dissipation 


0.6 


w 


^SOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


TsTRG 


Storage Temperature 


-55-150 


°C 


ToPR 


Operating Temperature 


0-70 


°C 



* -3.0V with a pulse width of 30ns 

A-150 TOSHIBA AMERICA ELECTRaiMIC COMPONENTS, INC. 
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TC554161 FTL/TRL-70L/85mOL 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.3 


V|L 


Input Low Voltage 


-0.3* 




0.8 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 



* -3.0V with a pulse width of 30ns 



DC Characteristics (Ta = ~ 70X, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


III 


Input Leakage Current 


ViN = ~ Vdd 






±1.0 


HA 


'lo 


Output Leakage Current 


CE = V|H or R/W = V|L or OE = V|h 
Vqut = ~ Vdd 






±1.0 


HA 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 






mA 


loL 


Output Low Current 


Vol = 0-4V 


2.1 






mA 


'ddoi 


Operating Current 


CE = V|L, Iqut = 0mA 
Other Inputs = V|hA/|l 


^cycle 


Min. 






100 


mA 


1|a.s 




15 




IdD02 


CE = 0.2V, Iqut = OmA 
Other Inputs = V|h/V|l 


tcycle 


Min. 






90 


1|J,S 




10 




'ddsi 


Standby Current 


CE = V|H, Other Inputs = V|hA/|l 






3 


mA 


IdDS2 


CE = Vdd - 0.2V 
Vdd = 2.0V ~ 5.5V 


Ta = ~ 70°C 






60 


HA 


Ta = 25°C 




4 


8 



Capacitance* (Ta = 25°C, f = LOIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


10 


PF 


Cqut 


Output Capacitance 


VouT = GND 


10 



'This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



Read Cycle 







TC554161FTL/rRL 




SYMBOL 


PARAMETER 


-70L 


-SSL 


-10L 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Read Cycle Time 


70 




85 




100 






^ACC 


Address Access Time 




70 




85 




100 




too 


CE Access Time 




70 




85 




100 




tOE 


OE Access Time 




35 




45 




50 




^BA 


UB, LB Access Time 




35 




45 




50 




tOH 


Output Data Hold Time from Address Change 


10 




10 




10 






tcOE 


Output Enable Time from CE 


10 




10 




10 




ns 


tOEE 


Output Enable Time from OE 


5 




5 




5 






tBE 


Output Enable Time from DB, LB 


5 




5 




5 






ho 


Output Disable Time from CE 




25 




30 




35 




boo 


Output Disable Time from OE 




25 




30 




35 






Output Disable Time from DB, LB 




25 




30 




35 





Write Cycle 







TC554161FTL/TRL 




SYMBOL 


PARAMETER 


-70L 


-85L 


-10L 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 






Write Cycle Time 


70 




85 




100 






twp 


Write Pulse Width 


50 




55 




60 






tew 


Chip Enable to End of Write 


60 




70 




80 






tew 


DB, LB Enable to End of Write 


50 




55 




60 






tAS 


Address Setup Time 

















ns 




Write Recovery Time 

















bs 


Data Setup Time 


30 




35 




40 






^DH 


Data Hold Time 



















tOEW 


Output Enable Time from R/W 


5 




5 




5 






tODW 


Output Disable Time from RA/V 




25 




30 




35 





AC Test Conditions 



Input Pulse Levels 


2.4V/0.6V 


Input Pulse Rise and Fall Time 


5ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


1 TTL Gate and Ci_ = 100pF 
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Timing Waveforms 
Read Cycle 

^ tRC 




UNKNOWN 



Write Cycle 1 (R/W Controlled Write) 




PRELIMINARY 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



A-153 



TC5541 61 FTiyTRL-yOUSSm OL 



Static RAM 




A-154 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



PRELIMINAFtV 



static RAM 



TC5541 61 FTL/TRL-70Ly85Lyi OL 



Notes: 

1 . R/W is high for read cycles. 

2. If the CE low transition occurs coincident with or after the R/W low transition, outputs remain in 
a high innpedance state. 

3. If the CE high transition occurs coincident with or prior to the R/W high transition, outputs rennain 
in a high innpedance state. 

4. If OE is high during a write cycle, the outputs are in a high innpedance state during this period. 

5. The I/O nnay be in the output state during this tinne; therefore input signals of opposite phase nnust not be applied. 
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Data Retention Characteristics (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


Vdh = 3.0V 






30* 


HA 


Vdh = 5.5V 






60 


tcDR 


Chip Deselect to Data Retention Mode 









ns 


tR 


Recovery Time 


5 






ms 



*6mA (max.) Ta = ~ 40°C 

CE Controlled Data Retention Mode 




GND ■ — — 

Note: 

1 . If the V|H of CE is 2.2V in operation, during tlie period that the V^d voltage is going down fronn 4.5V to 2.4V, Iqdsi 
current flows. 
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High Speed Static RAM 



Density 

TC5588 ....64K 

TC55B88 64K 

TC5589 72K 

TC55464A 256K 

TC55B464 256K 

TC55465A 256K 

TC55B465 256K 

TC55328A 256K 

TC55B328 256K 

TC55V328 256K 

TC55329A 288K 

TC55B329 288K 

TC551632 512K 32Kx16 J 



Organization Pacltage Speed (ns) 

8Kx8 P, J 15, 20, 25, 35.. 

8Kx8 P, J 10, 12.. 

8Kx9 R J 15, 20, 25, 35.. 

64Kx4 P, J 15, 20, 25, 35.. 

64Kx4 R J 10, 12.. 

64Kx4 R J 15, 20, 25 

64Kx4 R J 10 

32Kx8 R J 15, 20, 25 

32Kx8 R J 10 

32Kx8 J 20, 25 

32Kx9 R J 15, 20, 25 

32Kx9 R J 10 

20, 25 



Features 



TC55B4256 . 
TC55B4257 . 
TC55B8128. 
TC551664.... 
TC55V1664.. 
TC55V1864.. 



1M 256Kx4 J 12, 15 

1M 256Kx4 J 12, 15 

1M 128Kx8 R J 12, 15 

1M 64Kx16 J 15, 20 

1M 64Kx16 J, FT 10, 12 

.1.125M 64Kx18 J, FT 10, 12 

20, 25 

20, 25 



TC551402 4M 4Mx 1/1Mx4 J 

TC554101 4M 1Mx4 J 



Page 

.B-1 
.B-9 
.B-1 7 
.B-25 
.B-33 



35 TC55464AW/OE B-41 

1 2 TC55B464 w/OE B-49 

35 B-57 

12 B-65 

35 3.3V Operation B-73 

35 B-79 

12 B-87 

35 B-95 

20 B-103 

20 TC55B4256 w/OE B-1 09 

20 B-115 

25 B-121 

15 3.3V Operation B-1 29 

15 3.3V Operation B-1 37 

30 B-1 45 

30 B-1 51 



Pacl<age: 



P = Plastic DiR J = SO J, FT = Forward bend TSOP 



TOSHIBA 



TC5588P/J-15/20/25/35 



SILICON GATE CMOS 

8,1 92 WORD X 8 BIT CMOS STATIC RAM 

Description 

The TC5588P/J is a 65,536 bit high speed CMOS static random access memory organized as 8,192 words by 8 bits and operated 
from a single 5V supply Toshiba's advanced CMOS technology and circuit design enable high spee d ope ration. 

The TC5588P/J features low power dissipation when the device is deselected using chip enable (CE1 , CE2) and has an output 
enable input (OE) for fast memory access. Also, the device power between memory accesses is reduced by an automatic power 
down circuit. 

The TC5588P/J is suitable for use in high speed applications such as cache memory and high speed storage. All inputs and 
outputs are TTL compatible. The TC5588P/J is available in a SOOmil width , 28-pin DIP and SOJ suitable for high density surface 
assembly 



Features 

• Fast access time 

- TC5588P/J-15 

- TC5588P/J-20 

- TC5588P/J-25 

- TC5588P/J-35 

• Low power dissipation 

- Operation: 

- TC5588P/J-15 

- TC5588P/J-20 

- TC5588P/J-25 

- TC5588P/J-35 

- Standby: 

• Single 5V power supply: 5V±10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Package: 

- TC5588P: DIP28-P-300B 

- TC5588J: SOJ28-P-300A 

Pin Names 



Pin Connection (Top View) 
TC5588P 



TC5588J 



15ns (max.) 
20ns (max.) 
25ns (max.) 
35ns (max.) 



1 35mA (max.) 
1 1 5mA (max.) 
115mA (max.) 
1 1 5mA (max.) 
1 mA (max.) 



A0-A12 


Address Inputs 


1/01 ~ I/08 


Data Inputs/Outputs 


GET, CE2 


Chip Enable Inputs 


We 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 



NCC 1 
A12C 2 
A7C 3 
A6C 4 
A5C 5 
A4[ 6 
A3C 7 
A2C 8 
AlC 9 
AOC 10 
1/01 C 11 
I/02C 12 
1/03 E 13 
GNDC 14 



28]Vdo 
27]WE 
26]CE2 
25]A8 
24]A9 
23]A11 
22]C5E 
21 ]A10 
20 ]m 
19 31/08 
18] 1/07 
17] 1/06 
16] 1/05 
15] 1/04 



(DIP) 



A12C 

A7C 3 

A6C 4 

ASC 5 

A4C 

A3C 

A2C 

AlC 

AOC 
l/OlC 
1/02 C 
1/03 C 
gndC 



27]WF 
26]CE2 
25]A8 
24]A9 
23]A11 
22]^ 
21 ]A10 
20]^ 
19] 1/08 
18] 1/07 
17] 1/06 
16] 1/05 
15] 1/04 



(SOJ) 
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Static RAM 



Block Diagram 



A12 



AS 
I/01 



1/08 




CLOCK 
GENERATOR 



PRECHARGE 
CIRCUIT 



I 



MEMORY CELL 
ARRAY 

256x32x8 
(65.536) 



SENSE AMP 



COLUMN 
DECODER 



COLUMN ADDRESS 
SUFFER 

A4 AO 




WE O— O tc 

CE2 0— ^z;" 

Z V7Z 

CEIO— o ZZ."^ 



IVIaximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Suppiy Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


V,/o 


Input/Output Voltage 


-0.5 ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1.0 


w 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


TSTRG 


Storage Temperature 


-65-150 


°C 


Tqpr 


Operating Temperature 


-10-85 


°c 
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DC Recommended Operating Conditions 



SYIMBOL 


PARAMETER 


IVIIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 1 0ns 



DC Characteristics (Ta = ~ 70»C, Vpo = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






±1 


HA 


Ilo 


Output Leakage Current 


CET = V|H or CE2 = V|l or WE =V|l 
or OE = V|H, VouT = 0~ Vdd 


_ 


_ 


±1 


HA 


'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


lOL 


Output Low Current 


Vol = 0.4V 


8 


_ 


_ 


mA 






Vdd = 5.5V tcycie = Min cycle 
CE1 = V|L and CE2 = V|h 


-15 


_ 


_ 


135 




'ddo 


Operating Current 


-20 








mA 


Other Inputs = V|hA/|l 
Iqut = 0mA 


-25 






115 






-35 










'ddsi 


Standby Current 


Vdd = 5.5V tcycie = Min cycle 
CE1 = V|H or CE2 = V|l 
Other Inputs = V|hA/il 






25 


mA 


'dDS2* 




CET = Vdd - 0.2V or CE2 = 0.2V 
Other Inputs = Vdd - 0.2V or 0.2V 






1 




* If CE1 > Vqq - 0.2V, the specified limits are guaranteed under the condition CE2 > V^d - 0.2V or CE2 < 0.2V 










Capacitance* (Ta = 25°C, f = I.OIVIHz) 














SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 








Input Capacitance 


V|N = GND 


5 


PF 






Cqut 


Output Capacitance 


VouT=GND 


7 


PF 







*This parameter is periodically sampled and is not 100% tested. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



B-3 



TC5588P/J-1 5/20/25/35 



Static RAM 



AC Characteristics (Ta = ~ 70°C<^>, Vqd = 5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC5588P/J-15 


TC5588P/J-20 


TC5588P/J-25 


TC5588P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


15 


_ 


20 


_ 


25 


_ 


35 


_ 






Address Access Time 


_ 


15 


_ 


20 


_ 


25 


_ 


35 




tcoi 


CE1 Access Time 


_ 


15 


_ 


20 


_ 


25 


_ 


35 




*C02 


CE2 Access Time 


_ 


15 


_ 


20 


_ 


25 


_ 


35 




toE 


OE Access Time 




9 




10 




12 




12 




tOH 


Output Data Hold Time from Address Change 


5 




5 




5 




5 




ns 


tcOE 


Output Enable Time from CE1 or CE2 


5 




5 




5 




5 




tcOD 


Output Disable Time from CE1 or CE2 




6 




6 




6 




6 




tOEE 


Output Enable Time from OE 
























^ODO 


Output Disable Time from UE 




5 




5 




5 




5 




tpu 


Chip Selection to Power Up Time 


























Chip Deselection to Power Down Time 




15 




20 




25 




35 




Write Cycle 


SYMBOL 


PARAMETER 


TC5588P/J-15 


TC5588P/J-20 


TC5588P/J-25 


TC5588P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


15 




20 




25 




35 






tew 


Chip Enable to End of Write 


12 




13 




15 




15 






tAS 


Address Setup Time 
























twp 


Write Pulse Width 


12 




13 




15 




15 






*WR 


Write Recovery Time 






















ns 


hs 


Data Setup Time 


9 




10 




12 




12 






*DH 


Data Hold Time 
























toEW 


Output Enable Time from WE 
























toDW 


Output Disable Time from WE 




6 




6 




6 




6 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing IVIeasurement Reference Levels 


2.2V/0.8V 


Output Timing IVIeasurement Reference Levels 


2.0V/0.8V 


Output Load 


Fig. 1 



l/Ogi^n 



:48on 



1/0 pin 



CL = 30pF^ 



;255n CLsSpF 



T 
I 



:48on 



:255n 



(For tcoE. toEE. kOO. 

tooo. toEw and ^CDw) 



Figure 1 . 
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Timing Waveforms 
Read Cycle 



ADDRESSES 



CE2 



OF 



DouT 




UNKNOWN 



UNKNOWN 



Write Cycle 1 (WE Controlled Write) 



ADDRESSES 



WF 



CE2 



DouT 



Din 
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Static RAM 



Write Cycle 2 (CE1 Controiled Write) 




Write Cycle 3 (CE2 Controlled Write) 



twc 
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Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per nninute. 

2. WE is high for read cycles. 

3. If the CE1 low transition or CE2 high transition occurs coincident with or after the WE low transition, outputs 
rennain in a high impedance state. 

4. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE' ■^OEE' '^OEW Output Enable Time 

(B) tcoD- hoO' bow Output Disable Time 



CE1, OE 



WE.CE2 



(A) 



Dour 



High Impedance 



^tj. 0.2V V 



UNKNOWN 



OUTPUT DATA VALID 




UNKNOWN f 



0.2V 



0.2V 



High Imped ance 
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TC55B88P/J-10/12 



SILICON GATE BiCMOS 

8,192 WORD X 8 BIT BiCMOS STATIC RAM 

Description 

The TC55B88P/J is a 65,536 bit liigh speed BiCMOS static random access memory organized as 8,192 words by 8 bits and 
operated from a single 5V supply Toshiba's BiCMOS technology and advanced circuit design enable high s peed operation. 

The TC55B88P/J features low power dissipation when the device is deselected using chip enable (CE1, CE2) and has an out- 
put enable input (OE) for fast memory access. 

The TC55B88P/J is suitable for use in high speed applications such as cache memory and high speed storage. All inputs and 
outputs are TTL compatible. 

The TC55B88P/J is available in a SOOmil width, 28-pin DIP and SOJ suitable for high density surface assembly 



Features 

• Fast access time 

- TC55B88P/J-10 10ns (max.) 

- TC55B88P/J-12 12ns (max.) 

• Low power dissipation 

- Operation: 155mA (max.) 

- Standby: 10mA (max.) 

• Single 5V power supply: 5V±5% (-1 0) 

5V+10%(-12) 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Package: 

- TC55B88P: DIP28-P-300B 

- TC55B88J: SOJ28-P-300A 

Pin Names 



Pin Connection (Top View) 
TC55B88P 



A0~A12 


Address Inputs 


I/01 ~ 1/08 


Data Inputs/Outputs 


GET, CE2 


Chip Enable Inputs 


We 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 



NCC 1 



A12C 
A7C 
A6C 
A5C 
A4C 
A3C 
A2C 
AlC 
AOC 
1/01 C 
1/02 C 
1/03 C 
GNOC 



28]Voo 
27]WF 
26]CE2 
25] AS 
24]A9 
23]A11 
22 301 
21 ]A10 
20]^ 
19] 1/08 
18] 1/07 
17] 1/06 
16] 1/05 
15] 1/04 



(DIP) 



TC55B88J 
A12C 2 



A7C 3 
A6C 4 
ASC 5 
A4C 6 
A3C 7 
A2C 8 
AlC 9 
AOC 10 
1/01 C 11 
I/02C 12 
I/03C 13 
GNDC 14 



lib Vdd 
27]Wf 
26]CE2 
25]A8 
24]A9 
23]A11 
22 ]Q? 
21 ]A10 
20]CET 
19] 1/08 
18] 1/07 
17] 1/06 
16] 1/05 
15] 1/04 



(SOJ) 
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Static RAM 



Block Diagram 



A5« ^ 

A60 5: 

— c?: 

A80 ^ 

A90 S 

AIOO 

Alio — §: 

A120 ^ 



1/01 o- 
1/020- 
1/030- 
I/04 0- 
1/050- 
I/O60- 
1/07O- 
1/08 o- 



8 



^^1 



r 
I 




MEMORY 
CELL ARRAY 

256x32x8 
(65,536) 



Vdo 



GNO 



COLUMN I/O 
CIRCUIT 



COLUMN 
DECODER 



AO Al A2 A3 A4 



9 



ly^aximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 




Input Voltage 


-2.0 ~ 7.0 


V 


V,/o 


Input/Output Voltage 


-0.5 ~ VpD + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 


^SOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


"■"STRG 


Storage Temperature 


-65 ~ 150 


°C 


Tqpr 


Operating Temperature 


-10 ~ 85 


°C 
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DC Recommended Operating Conditions 



SYIVIBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


-10 


4.75 


5.0 


5.25 


V 


-12 


4.5 


5.0 


5.5 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 




Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 1 0ns 



DC Characteristics (Ta = ~ 70°C, -10: Vqd = 5V±5%, -12: Vpo = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


"li 


Input Leakage Current 


V|N = ~ Vdd 




— 


±10 


^A 


'LO 




CET = V|H or CE2 = V|l or WE =V|l or 
OE = V|H, VouT = 0~ Vdd 






+1 




'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


lOL 


Output Low Current 


Vol = 0.4V 


8 






mA 


'ddo 


Operating Current 


tcvcie = Min cycle 
CE1 =V|Land CE2 = V|h 
Other Inputs = V|hA/|l 
Iqut = 0mA 


Vdd = 
5.25V 


-10 






155 


mA 


tcycie = Min cycle 
CE1 = V|L and CE2 = V|h 
Other Inputs = V|hA/||_ 
Iqut = 0mA 


Vdd = 5.5V 


-12 






'ddsi 




GET = V|H or CE2 = V|l 
Other Inputs = V|h/V|l 


Vdd = 
5.25V 


-10 






30 




Standby Current 


GET = V|H or CE2 = V|l 
Other Inputs = V|hA/|l 


Vdd = 5.5V 


-12 






mA 


IdDS2 




CE1 = Vdd - 0.2V or CE2 = 0.2V 
Other Inputs = Vdd " 0-2V or 0.2V 






10 





Capacitance* (Ta = 25°C, f = I.OIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


5 


PF 


Gout 


Output Capacitance 


VouT=GND 


7 


PF 



*This parameter is periodically sampled and is not 100% tested. 
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Static RAM 



AC Characteristics (Ta = ~ 70°C<^>, -10: Vqd = 5V±5%, -12: Vdd = 5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC55B88P/J-10 


TC55B88P/J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


10 


_ 


12 


_ 






Address Access Time 


_ 


10 


_ 


12 




tcoi 


GET Access Time 


_ 


10 


_ 


12 




*C02 


CE2 Access Time 


_ 


10 


_ 


12 




toE 


OE Access Time 




6 




7 




toH 


Output Data Hold Time from Address Change 


3 




3 




ns 


tcOE 


Output Enable Time from CE1 or CE2 


3 




3 




tcOD 


Output Disable Time from CE1 or CE2 




5 




6 




tOEE 


Output Enable Time from OE 


1 




1 






toDO 


Output Disable Time from 0E 




5 




6 




tpu 


Chip Selection to Power Up Time 
















Chip Deselection to Power Down Time 




10 




12 




Write Cycle 


SYMBOL 


PARAMETER 


TC55B88P/J-10 


TC55B88P/J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


10 




12 






tew 


Chip Enable to End of Write 


7 




8 






tAS 


Address Setup Time 
















Address Valid to End of Write 


7 




8 








Write Pulse Width 


6 




7 




ns 




Write Recovery Time 


1 




1 






Data Setup Time 


6 




7 








Data Hold Time 














toEW 


Output Enable Time from WE 


1 




1 






toDW 


Output Disable Time from WE 




5 




6 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



l/Ogi^n 



CL = 30pF 



5V 



I/O pin 
o 



;255n CL = 5pF 



:48on 



:255n 



(For tcoE. Vjee. V:oo. 
tooo. toEw and toow) 



Figure 1. 
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TC55B88P/J-10/12 



Timing Waveforms 
Read Cycle 



ADDRESSES 



CE2 



OE 



OouT 




UNKNOWN 



Write Cycle 1 (WE Controlled Write) 



ADDRESSES 



WE 



CE2 



DouT 
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Static RAM 



Write Cycle 2 (CE1 Controlled Write) 



ADDRESSES 



WE 



CE2 



err 



DouT 




Write Cycle 3 (CE2 Controlled Write) 



ADDRESSES 



CE2 



err 



Dqut 



Din 
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TC55B88P/J-10/12 



Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per nninute. 

2. WE is high for read cycles. 

3. If the CE1 low transition or CE2 high transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig, 1 . 

(A) tcoE. toEE' toEW Output Enable Time 

(B) tcoD. toDO. bow • • • • Output Disable Time 



CE1, OE 



WE,CE2 



(A) 




DoUT 



High Impedance 



UNKNOWN 



OUTPUT DATA VALID 



UNKNOWN t 



0.2V 



High Imped ance 
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TC5589P/J-15/20/25/35 

SILICON GATE CMOS 

8,1 92 WORD X 9 BIT CMOS STATIC RAM 



Description 

The TC5589P/J is a 73,728 bit high speed CMOS static random access memory organized as 8,1 92 words by 9 bits and operated 
from a single 5V supply Toshiba's advanced CMOS technology and circuit design enable high spee d ope ration. 

The TC5589P/J features low power dissipation when the device is deselected using chip enable (CE1, CE2) and has an output 
enable input (OE) for fast memory access. Also, the device power between memory accesses is reduced by an automatic power 
down circuit. 

The TC5589P/J is suitable for use in high speed applications such as cache memory and high speed storage. Ail inputs and 
outputs are TTL compatible. 

The TC5589P/J is available in a SOOmil width, 28-pin DIP and SOJ suitable for high density surface assembly 



Features 

• Fast access time 

- TC5589P/J-15 

- TC5589P/J-20 

- TC5589P/J-25 

- TC5589P/J-35 

• Low power dissipation 

- Operation: 

- TC5589P/J-15 

- TC5589P/J-20 

- TC5589P/J-25 

- TC5589P/J-35 

- Standby: 

• Single 5V power supply: 5V±1 0% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Package: 

- TC5589P: DIP28-P-300B 

- TC5589J: SOJ28-P-300A 



15ns (max.) 
20ns (max.) 
25ns (max.) 
35ns (max.) 



1 35mA (max.) 
1 1 5mA (max.) 
1 1 5mA (max.) 
1 1 5mA (max.) 
1 mA (max.) 



Pin Connection (Top View) 
TC5589P 



A8[ 1 
A7[ 2 
A6[ 3 
A5[ 4 
A4[ 5 
A3C 6 
A2[ 7 
A1[ 8 
A0[ 9 
1/01 [ 10 
1/02 C 11 
1/03 [ 12 
1/04 C 13 
GNDC 14 



28]Vdp 
27] WE 
26]CE2 
25] AS 
24]A10 
23]A1^1 
22]OE 
21 ]A12 
20]CE1 
19] 1/09 
18] 1/08 
17]i/07 
16] 1/06 
15] 1/05 



(DIP) 



TC5589J 



A8C'T 

A7C 2 

A6C 

A5C 

A4[ 

A3[ 

A2[ 

Al [ 

A0[ 
1/01 C 
1/02 C 
1/03 C 
1/04 [ 
GND[ 



28]Vdp 
27]WE 
26]CE2 
25]A9 
24]A10 
23]Aj^l 
22]0E 
21 ]A12 
20]CE1 
19] 1/09 
18] 1/08 
17] 1/07 
16] 1/06 
15] 1/05 



(SOJ) 



Pin Names 



AO ~A12 


Address Inputs 


1/01 ~ 1/09 


Data Inputs/Outputs 


GET, GE2 


Chip Enable Inputs 


WE 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



B-17 



TC5589P/J-1 5/20/25/35 



Static RAM 



Block Diagram 



A12 

\ 

AS 
I/01 















«/t DC 
UJ Ui 




Ui 

o 








$ OUL 




$8 


O Q 3 




O 114 


ec < to 




ec o 
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iVIaximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


V,/0 


Input/Output Voltage 


-0.5 ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 


TsOLDER 


Soldering Temperature • Time 


260*10 


°C • sec 


TSTRG 


Storage Temperature 


-65 ~ 150 


°C 


^OPR 


Operating Temperature 


-10 ~ 85 


°C 
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DC Recommended Operating Conditions 



SYMBOL 


PARAIMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 1 0ns 



DC Characteristics (Ta = ~ TCC, Vdd = 5V±10%) 



OTInDUL 


PARAMPTFR 
rHnnlflC 1 Cti 


TEST CONDITION 


lUIIM 
ivi 1 n . 


TVP 


MAY 


IIMIT 
uni 1 


lu 


Input Leakage Current 


V|N = ~ Vdd 






±1 


ixA 


Ilo 


Output Leakage Current 


CET = V|H or CE2 = V|l or WE =V|l 
or OE = V|H, Vout = 0~Vdd 






±1 


HA 


'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


loL 


Output Low Current 


Vol = 0.4V 


8 






mA 


'ddo 


Operating Current 


Vdd = 5.5V tcycie = Min cycle 
CE1 =V|Land CE2 = V|h 
Other Inputs = V|hA/|l 
Iqut = 0mA 


-15 






135 


nnA 


-20 






115 


-25 


-35 


'ddsi 


Standby Current 


Vdd = 5.5V tcycie = Min cycle 
CE1 = V|H or CE2 = V|l 
Other Inputs = V|hA/||_ 






25 


mA 


'dDS2* 


CET = Vdd - 0.2V or CE2 = 0.2V 
Other Inputs = Vdd - 0.2V or 0.2V 






1 


* If CE1 > Vdd - 0-2V, the specified limits are guaranteed under the condition CE2 > Vqd - 0.2V or CE2 < 0.2V 
Capacitance* (Ta = 25°C, f = 1.0MHz) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 






Input Capacitance 


V|N = GND 


5 


PF 


Cqut 


Output Capacitance 


VouT = GND 


7 


PF 



"This parameter is periodically sampled and is not 100% tested. 
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Static RAM 



AC Characteristics (Ta = ~ 70°C^^\ Vdd = 5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC5589P/J-15 


TC5589P/J-20 


TC5589P/J-25 


TC5589P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


15 




20 




25 




35 








Address Access Time 




15 




20 




25 




35 




tcol 


CE1 Access Time 




15 




20 




25 




35 




tC02 


CE2 Access Time 




15 


_ 


20 




25 




35 




toE 


OE Access Time 




9 




10 




12 




12 




*0H 


Output Data Hold Time from Address Change 


5 




5 




5 




5 




ns 


tcOE 


Output Enable Time from GET or CE2 


5 




5 




5 




5 




^COD 


Output Disable Time from CE1 or CE2 




6 




6 




6 




6 




*OEE 


Output Enable Time from OE 
























toDO 


Output Disable Time from OE 




5 




5 




5 




5 




tpu 


Chip Selection to Power Up Time 


























Chip Deselection to Power Down Time 




15 




20 




25 




35 




Write Cycie 


SYMBOL 


PARAMETER 


TC5589P/J-15 


TC5589P/J-20 


TC5589P/J-25 


TC5589P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


15 




20 




25 




35 






tew 


Chip Enable to End of Write 


12 




13 




15 




15 






tAS 


Address Setup Time 
























twp 


Write Pulse Width 


12 




13 




15 




15 








Write Recovery Time 






















ns 




Data Setup Time 


9 




10 




12 




12 








Data Hold Time 
























*OEW 


Output Enable Time from WE 
























tODW 


Output Disable Time from WE 




6 




6 




6 




6 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


2.2V/0.8V 


Output Timing Measurement Reference Levels 


2.0V/0.8V 


Output Load 


Fig. 1 



I/O gin 



CL = 30pF 



:48on 



I/O pin 



:255n CL = 5pF 



:480n 



:255n 



(For tcoE. toEE. koo. 
toDO. toEw and toow) 



Figure 1 . 
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Timing Waveforms 
Read Cycle 



ADDRESSES 



CE2 



CE1 



OE 



DouT 




UNKNOWN 



Write Cycle 1 (WE Controlled Write) 



ADDRESSES 



WE 




CE2 



DoUT 



Din 



tODW(6) 



kw 



tew 



toEW(6> 




TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



B-21 



TC5589P/J-1 5/20/25/35 



Static RAM 



Write Cycle 2 (CE1 Controlled Write) 

twc 




Write Cycle 3 (CE2 Controlled Write) 



twc 




B-22 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



static RAM 



TC5589P/J-1 5/20/25/35 



Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE1 low transition or CE2 high transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tQOE. foEE> ^OEW Output Enable Time 

(B) tcoD. toDO' bow • • • ■ Output Disable Time 



CE1. OE 



WE,CE2 



(A) 




Dour 



High Impedance 




UNKNOWN 



X 



OUTPUT DATA VALID 




UNKNOWN t 



0.2V 



0.2V 



High Imped ance 
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TC55464AP/Ar-15/20/25/35 



SILICON GATE CMOS 



65,536 WORD x 4 BIT CMOS STATIC RAM 



Description 

The TC55464AP/AJ is a 262,144 bit high speed CMOS static random access memory organized as 65,536 words by 4 bits and 
operated from a single 5V supply. Toshiba's advanced CMOS technology and circuit design enable high speed operation. 

The TC55464AP/AJ features low power dissipation when the device is deselected using chip enable (C^. Also, the device 
power between memory accesses is reduced by an automatic power down circuit. 

The TC55464AP/AJ is suitable for use in high speed applications such as cache memory and high speed storage. All inputs 
and outputs are TTL compatible. 

The TC55464AP/AJ is available in a 300mil width, 24-pin DIP and SOJ suitable for high density surface assembly. 



Features 

• Fast access time 

- TC55464AP/AJ-15 

- TC55464AP/AJ-20 

- TC55464AP/AJ-25 

- TC55464AP/AJ-35 

• Low power dissipation 

- Operation: 

- TC55464AP/AJ-10 

- TC55464AP/AJ-20 

- TC55464AP/AJ-25 

- TC55464AP/AJ-35 

- Standby: 1mA (max.) 

• Single 5V power supply: 5V±10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Package: 

- TC55464AP: DIP24-P-300B 

- TC55464AJ: SOJ24-P-300A 



15ns (max.) 
20ns (max.) 
25ns (max.) 
35ns (max.) 



120mA (max.) 
1 20mA (max.) 
120mA (max.) 
100mA (max.) 



Pin Connection (Top View) 

TC55464AP 



A8C 1 
A7C 2 
A6C 3 
A5C 4 
A4C 5 
A3C 6 
A2C 7 
AlC 8 
AOC 9 
A9C 10 
CEC 11 
GNDC 12 



24 3VoD 
233A15 
22]A14 
21 3a13 
20]A12 
19]A1 1 

isDaio 

17]l/01 
16] 1/02 
1 5 3 1/03 
14 31/04 
133W5 



TC55454AJ 




(DIP) 



(SOJ) 



Pin Names 



A0~A15 


Address Inputs 


I/01 ~ 1/04 


Data Inputs/Outputs 


CE 


Chip Enable Input 


We 


Write Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 
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Static RAM 



Block Diagram 



A14 
A9 
A5 
A4 
A3 
A2 
A1 
AO 



1/01 
1/02 
1/03 
1/04 



WE o- 













a: 






UJ 


LU LU 




O 


> a: u. 










O UJ 


Q£< CD 




a: Q 



CE 



3 u. 

a. u. 

z => 

— 00 









O 


CK 


AT 


CLO 


NER 


LU 







CE o- 



MEMORY CELL 
ARRAY 

256x255x4 
(262,144) 



SENSE AMP. 



COLUMN 
DECODER 



^ ° Vdo 

-* o GND 



COLUMN 
ADDRESS BUFFER 



ITTTTm 

A5 A8 All A13 
A7 AlO A12 A1S 




■<t> 



CE 



Operating Mode 



PIN 

MODE 


CE 


WE 


1/01-1/04 


POWER 


Read 


L 


H 


Output 


'ddo 


Write 


L 


L 


Input 


'ddo 


Standby 


H 




High Impedance 


'dds 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


V,/o 


Input/Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


TsTRG 


Storage Temperature 


-65 ~ 150 


°G 


Tqpr 


Operating Temperature 


-10 ~ 85 


°C 



*-3V with a pulse width of 1 0ns 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 10ns 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


ViN = ~ Vdd 






±1 


HA 


Ilo 


Output Leakage Current 


CE = V|H or WE =V|L, Vqut = ~ Vdd 




- 


±1 


HA 


'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


lOL 


Output Low Current 


Vol = 0.4V 


8 


- 


- 


mA 








-15 






120 




'ddo 


Operatifig Current 


tcycie = Min cycle 
CE = V|L 

Other Inputs = V|hA/|l 


-20 






120 


mA 


-25 






120 






-35 






100 










-15 










'ddsi 




tcycie = Min cycle 
CE = V|H 

Other Inputs = V|h/V|l 


-20 






20 




Standby Current 


-25 






mA 




-35 








'dDS2 




CE = Vdd - 0.2V 

Other Inputs = Vqd - 0.2V or 0.2V 






1 




Capacitance* (Ta = 25°C, f = 1 .OMHz) 














SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 








Input Capacitance 


V|N = GND 


6 


PF 






C|/0 


Input/Output Capacitance 


V|/o = GND 


8 


PF 







*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°c(^^ Vdd = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC55464AP/AJ-15 


TC55464AP/AJ-20 


TC55464AP/AJ-25 


TC55464AP/AJ-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


, MIN. 


MAX. 


^RC 


Read Cycle Time 


15 




20 




25 




35 








Address Access Time 




15 




20 




25 




35 




^CO 


CE Access Time 




15 




20 




25 




35 






Output Data Hold Time from Address 
Change 


5 




5 




5 




5 




ns 


*COE 


Output Enable Time from CE 


5 




5 




5 




5 






tcOD 


Output Disable Time from CE 




8 




8 




10 




15 





Write Cycle 



SYMBOL 


PARAMETER 


TC55464AP/AJ-15 


TC55464AP/AJ-20 


TC55464AP/AJ-25 


TC55464AP/AJ-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


15 




20 




25 




35 






*WP 


Write Pulse Width 


10 




11 




13 




18 








Address Valid to End of Write 


12 




13 




15 




20 






tew 


Chip Enable to End of Write 


12 




13 




15 




20 






tAS 


Address Setup Time 






















ns 




Write Recovery Time 






















bs 


Data Setup Time 


8 




10 




12 




15 








Data Hold Time 
























tOEW 


Output Enable Time from WE 


1 




1 




1 




1 






tODW 


Output Disable Time from WE 




8 




8 




10 




15 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


2.2V/0.8V 


Output Timing Measurement Reference Levels 


2.0V/0.8V 


Output Load 


Fig. 1 



l/Opin 
o— 



CL = 30pF=:= 

I 

777- 



■480a 



•255n 



l/Opin 



CL 



5V 



■"J 

( For tcoE, 
toEw 3nd 



•48on 



255n 



tcOD. 
toDW ) 



Figure 1. 
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Timing Waveforms 
Read Cycle 

tRC 




UNKNOWN UNKNOWN 



Write Cycle 1 (WE Controlled Write) 



twc 
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Write Cycle 2 (CE Controlled Write) 



twc 
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Notes: 



1 . The operating temperature (Ta) is guaranteed witin transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. The following parameters are measured using the load shown in Fig. 1 . 

(A) tQOE. toEW Output Enable Time 

(B) tQQD, toDw ■ ■ • ■ Output Disable Time 



CE 



WE 



(A) 




DOUT 



High Impedance 



OUTPUT DATA VALID 





High Imped ance 



'unknown 



UNKNOWN t 
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TOSHIBA 



TC55B464P/J-10/12 

SILICON GATE BiCMOS 

65,536 WORD x 4 BIT BiCMOS STATIC RAM 



Description 

The TC55B464P/J is a 262,144 bit h\gh speed BiCMOS static random access memory organized as 65,536 words by 4 bits and 
operated from a single 5V supply. Toshiba's BiCMOS technology and advanced circuit design enable high speed operation. 

The TC55B464P/J features low power dissipation when the device is deselected using chip enable (C^. 

The TC55B464P/J is suitable for use in high speed applications such as cache memory and high speed storage. All inputs and 
outputs are TTL compatible. 

The TC55B464P/J is available in a 300mil width, 24-pin DIP and SOJ suitable for high density surface assembly 



Features 

• Fast access time 

- TC55B464P/J-10 10ns (max.) 

- TC55B464P/J-12 12ns (max.) 

• Low power dissipation 

- Operation: 

- TC55B464P/J-10 140mA (max.) 

- TC55B464P/J-1 2 1 40mA (max.) 

- Standby: 1 5mA (max.) 

• Single 5V power supply: 5V±10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Package: 

- TC55B464P: DIP24-P-300B 

- TC55B464J: SOJ24-P-300A 

Pin Names 



A0~A15 


Address Inputs 


1/01 ~ 1/04 


Data Inputs/Outputs 


CE 


Chip Enable Input 


WE 


Write Enable Input 


Vdd 


Power (+5\/) 


GND 


Ground 



Pin Connection (Top View] 
TC55B464P 



A8C 1 
A7C 2 
A6C 3 
A5C 4 
A4C 5 
A3C 6 
A2C 7 
AlC 8 
AOC 9 
A9C 10 
CEC 11 
GNDC 12 



24]Voo 
23]A15 
22]A14 
21 ]A13 
20]A12 
19]A11 
18]A10 
17] 1/01 
16] 1/02 
15] 1/03 
14] 1/04 
l3]Wf 



(DIP) 



TC55B464J 




(SOJ) 
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Block Diagram 



A15 
A14 
A9 
A4 
A3 
A2 
Al 
AO 



WE o- 
CE 





















MEMORY CELL 


LU UJ 




LU 




ARRAY 


>QC u. 
>Qu. 
093 




UJ 




256x256x4 


ec< CO 




0: D 




(262,144) 











< o Voo 

< o GND 




SENSE AMP. 



COLUMN 
DECODER 












u 


AT 





K 
UJ 


_J 

u 


z 

UJ 









D 



COLUMN 
ADDRESS BUFFER 



HUUU 

A5 A7 A10 A12 
A6 A8 All A13 




CE 



Operating Mode 



^^^^^ PIN 
IWODE ^^^^^^ 


CE 


WE 


1/01 ~ 1/04 


POWER 


Read 


L 


H 


Output 


Iqdo 


Write 


L 


L 


Input 


'ddo 


Standby 


H 




High Impedance 


'dds 



*H orL 



Maximum Ratings 



*-3V with a pulse width of 1 0ns 
B-34 



SYMBOL 


ITEIVI 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


V|/o 


Input/Output Voltage 


-0.5 ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 


TsOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


TSTRG 


Storage Temperature 


-65-150 


°C 


Tqpr 


Operating Temperature 


-10-85 





TOSHIBA AMERICA EUECTRONIC COMPONENTS, INC. 



static RAM 



TC55B464P/J-10/12 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 1 0ns 



DC Characteristics (Ta = ~ 70°C, Vdq = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


III 


Input Leakage Current 


ViN = ~ Vdd 






±10 




Ilo 


Output Leakage Current 


CE = V,H orWE=V|L, 
Vqut = ~ Vdd 






±10 




'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


lOL 


Output Low Current 


Vol = 0.4V 


8 






nnA 


■ddo 


Operating Current 


tcycie = Min cycle 
CE = V|L 

Other Inputs = V|hA/|l, Iqut = 






140 


mA 


'ddsi 


Standby Current 


CE = V|H 

Other Inputs = V|hA/|l 






30 


mA 


'dDS2 


CE = Vdd - 0.2V 

Other Inputs = Vqd - 0.2V or 0.2V 






15 



Capacitance* (Ta = as^C, f = 1.0MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V,N = GND 


6 


PF 


C|/o 


Input/Output Capacitance 


V|/o = GND 


8 


PF 



*This parameter is periodicaily sampled and is not 100% tested. 
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AC Characteristics (Ta = - 70°C<^>, Vqd = 5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC55B464P/J-10 


TC55B464P/J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tpc 


Read Cycle Time 


10 




12 








Address Access Time 




10 




12 




tco 


CE Access Time 




10 




12 




k)H 


Output Data Hold Time from Address Change 


3 




3 




ns 


tcOE 


Output Enable Time from CE 


3 




3 




^COD 


Output Disable Time from CE 




5 




6 




ipu 


Chip Selection to Power Up Time 














tpD 


Chip Deselection to Power Down Time 




10 




12 




Write Cycle 


SYMBOL 


PARAMETER 


TC55B464P/J-10 


TC55B464P/J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


*wc 


Write Cycle Time 


10 




12 






tew 


Chip Enable to End of Write 


7 




8 






tAS 


Address Setup Time 
















Address Valid to End of Write 


7 




8 






twp 


Write Pulse Width 


6 




7 




ns 




Write Recovery Time 


1 




1 




^DS 


Data Setup Time 


6 




7 








Data Hold Time 














toEW 


Output Enable Time from WE 


1 




1 






*ODW 


Output Disable Time from WE 




5 




6 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 




CL = 30pF=i= 



480n 



2550 



l/Opin 
o— 



CL = 5pF == 

J. 



•480n 



•255n 



( For tcoE. tcoo. V)EW and 
Figure 1 . 
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Timing Waveforms 
Read Cycle 



ADDRESSES 




'OUT 



UNKNOWN 



UNKNOWN 



Write Cycle 1 (WE Controlled Write) 



ADDRESSES 




DouT 
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Notes: 

1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 



5. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE> ^OEW Output Enable Time 

(B) tcoD- ■^ODW ■ ■ ■ • Output Disable Time 



CE 



WE 



Dour 



(A) 



High Impedance 



IE 



OUTPUT DATA VALID 



UNKNOWN 



xzzi 



UNKNOWN 



i .2V 



igh Imped ance 
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TOSHIBA 



TC55465AP/AI-15/20/25/35 

SILICON GATE CMOS 

65,536 WORD x 4 BIT CMOS STATIC RAM 



Description 

The TC55465AP/AJ is a 262,144 bit high speed CIVIOS static random access memory organized as 65,536 words by 4 bits and 
operated from a single 5V supply Toshiba's advanced CMOS technology and circuit design enable high speed operation. 

The TC55465AP/AJ features low power dissipation when the device is deselected using chip enable {CE) and has an output 
enable input (OE) for fast memory access. Also, the device power between memory accesses is reduced by an automatic power 
down circuit. 

The TC55465AP/AJ is suitable for use in high speed applications such as cache memory and high speed storage. All inputs 
and outputs are TTL compatible. 

The TC55465AP/AJ is available in a SOOmil width, 28-pin DIP and SOJ suitable for high density surface assembly 



p Features 

• Fast access time 

- TC55465AP/AJ-15 

- TC55465AP/AJ-20 

- TC55465AP/AJ-25 

- TC55465AP/AJ-35 

• Low power dissipation 

- Operation: 

- TC55465AP/AJ-15 

- TC55465AP/AJ-20 

- TC55465AP/AJ-25 

- TC55465AP/AJ-35 

- Standby: 1mA (max.) 

• Single 5V power supply: 5V±10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Package: 

- TC55465AP: DIP28-P-300B 

- TC55465AJ: SOJ28-P-300A 



15ns (max.) 
20ns (max.) 
25ns (max.) 
35ns (max.) 



120mA (max.) 
120mA (max.) 
120mA (max.) 
100mA (max.) 



Pin Connection (Top View) 



TC55465AP 



NCC 
A15C 
A8C 
A7C 
A6C 
A5C 
A4C 
A3C 
A2C 
AlC 
AOC 
CEC 

mi 

GNDC 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



28] Vdd 

27]A14 

26]A13 

25]A9 

24]A10 

23]A11 

22]A12 

21 ]NC 

20]NC 

19] 1/01 

18] 1/02 

17] 1/03 

16] 1/04 

15]WE 



TC55465AJ 
NCCff 



A15C 
A8C 
A7C 
A6C 
A5C 
A4C 
A3[ 
A2C 
AlC 
AOC 



GNDC 14 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 



27]A14 
26]A13 
25]A9 
24]A10 
23]A11 
22]A12 
21 ]NC 
20]NC 
19] 1/01 
18] 1/02 
17] 1/03 
16] 1/04 
15]WE 



(DIP) 



(SOJ) 



Pin Names 



AO ~A15 


Address Inputs 


1/01 ~ 1/04 


Data Inputs/Outputs 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 
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Block Diagram 

A13 
A6 
A5 
A4 
A3 
A2 
A1 
AO 



Ul Ui 

>Qu. 



O 

O uj 



MEMORY CELL 
ARRAY 

256x256x4 
(262,144) 



^ ^ 
< 3 u. 

Q. U. 
^ Z =3 

'-' — OQ 



CE 



O 
< 
U UJ 

O Z 

—1 Ui 



-« GND 



SENSE AMP 



COLUMN 
DECODER 



COLUMN 
ADDRESS BUFFER 



^ 3 UJ 
P O. u. 
< u. 

Q 3 = 
O « 



CE 



ITTTTTTT 

A7 A9 All A14 
A8 A10 A12 A15 




Operating Mode 



^^^^^^ PIN 
MODE 


CE 


OE 


WE 


1/01 ~ 1/04 


POWER 


Read 


L 


L 


H 


Output 


'ddo 


Write 


L 




L 


Input 


'ddo 


Output Disable 


L 


H 


H 


High Impedance 


'ddo 


Standby 


H 






High Impedance 


'dds 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


V|/o 


Input/Output Voltage 


-0.5* ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1.0 


w 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


TSTRG 


Storage Temperature 


-65 ~ 150 


°C 


Tqpr 


Operating Temperature 


-10-85 


°C 



*-3V with a pulse width of 1 0ns 
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DC Recommended Operating Conditions 



SYIVIBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 1 0ns 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



CVMDni 

otMdUL 


DAD AMCTCD 

rAnAMtitn 


TEST CONDITION 


MIN. 


TVD 

1 Ir. 


IViAa. 


1 IMIT 

UNIT 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






±1 


^lA 


Ilo 


Output Leakage Current 


CE = V|H or OE =V|H or WE =V|l, 
Vqut = ~ Vqd 




- 


±1 


|iA 


Iqh 


Output High Current 


VoH = 2.4V 


-4 






mA 


lOL 


Output Low Current 


Vol = 0.4V 


8 


- 


- 


mA 






tc^ie = Min cycle 
CE = V|L 

Other Inputs = V|hA/|l 


-15 






120 




'ddo 


Operating Current 


-20 






120 


mA 


-25 






120 






-35 






100 










-15 










'ddsi 




tg^ie = IVlin cycle 
CE = V|H 

Other Inputs = VinA/m 


-20 






20 




Standby Current 


-25 






mA 




-35 








'dDS2 




CE = Vdd - 0.2V 

Other Inputs = Vqd - 0.2V or 0.2V 






1 




Capacitance* (Ta = 25°C, f = I.OIVIHz) 














SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 








Input Capacitance 


V|N = GND 


6 


PF 






C|/o 


Input/Output Capacitance 


V|/o=GND 


8 


PF 







*This parameter is periodically sampled and is not 100% tested. 
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TC55465AP/AJ-1 5/20/25/35 



Static RAM 



AC Characteristics (Ta = ~ 70°C<^^ Vqd = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC55465AP/AJ-15 


TC55465AP/AJ-20 


TC55465AP/AJ-25 


TC55465AP/AJ-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


^RC 


Read Cycle Time 


15 




20 




25 




35 






^ACC 


Address Access Time 




15 




20 




25 




35 




tco 


CE Access Time 




15 




20 




25 




35 




toE 


OE Access Time 




8 




10 




12 




15 






Output Data Hold Time from Address 
Change 


5 




5 




5 




5 




ns 


*COE 


Output Enable Time from CE 


5 




5 




5 




5 






tcOD 


Output Disable Time from CE 




8 




8 




10 




15 




*OEE 


Output Enable Time from OE 


1 




1 




1 




1 






*0D0 


Output Disable Time from OE 




8 




8 




10 




15 





Write Cycle 



SYMBOL 


PARAMETER 


TC55465AP/AJ-15 


TC55465AP/AJ-20 


TC55465AP/AJ-25 


TC55465AP/AJ-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


two 


Write Cycle Time 


15 




20 




25 




35 






twp 


Write Pulse Width 


10 




11 




13 




18 








Address Valid to End of Write 


12 




13 




15 




20 






tew 


Chip Enable to End of Write 


12 




13 




15 




20 






Us 


Address Setup Time 






















ns 


twR 


Write Recovery Time 






















^DS 


Data Setup Time 


8 




10 




12 




15 






^DH 


Data Hold Time 
























tOEW 


Output Enable Time from WE 


1 




1 




1 




1 






tODW 


Output Disable Time from WE 




8 




8 




10 




15 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


2.2V/0.8V 


Output Timing Measurement Reference Levels 


2.0V/0.8V 


Output Load 


Fig. 1 



I/Opin 
o— 



CL = 30pF =j=: 

At 



•480n 



■ 255a 



l/Opin 
o 



CL 



5V 



-480n 



25Sn 



( For tcoE. toEE. koo. 
kjoo. ^OEw and toow 



Figure 1 . 



B-44 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



static RAM 



TC55465AP/AJ-1 5/20/25/35 



Timing Waveforms 
Read Cycle <2) 

tRC 




UNKNOWN UNKNOWN 



Write Cycle 1 (WE Controlled Write) 



twc 
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Static RAM 



Write Cycle 2 (CE Controiled Write) 
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TC55465AP/AJ-1 5/20/25/35 



Notes: 

1 . The operating temperature (Ta) is guaranteed witli transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE' ^OEE' ^OEW Output Enable Time 

(B) tcoD. hoO' toDw • ■ • • Output Disable Time 



CE, OE 



WE 



DOUT 



(A) 



High Impedance 



TbF 



4- 0.2V 



OUTPUT DATA VALID 



X 



UNKNOWN 



0.2V 

•High Impedance 



UNKNOWN 
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TOSHIBA 



TC55B465P/J-10/12 



SILICON GATE BICMOS 



65,536 WORD x 4 BIT BiCMOS STATIC RAM 



Description 

The TC55B465P/J is a 262,144 bit h\gh speed BiCIVlOS static random access memory organized as 65,536 words by 4 bits and 
operated from a single 5V supply Toshiba's BiCMOS technology and advanced circuit design enable high speed operation. 

The TC55B465P/J features low power dissipation when the device is deselected using chip enable (C^ and has an output 
enable input (OE) for fast memory access. 

The TC55B465P/J is suitable for use in high speed applications such as cache memory and high speed storage. All inputs and 
outputs are TTL compatible. 

The TC55B465P/J is available in a SOOmil width, 28-pin DIP and SOJ suitable for high density surface assembly 



Features 

• Fast access time 

- TC55B465P/J-10 10ns (max.) 

- TC55B465P/J-12 12ns (max.) 

• Low power dissipation 

- Operation: 

- TC55B465P/J-10 140mA (max.) 

- TC55B465P/J-12 140mA (max.) 

- Standby: 1 5mA (max.) 

• Single 5V power supply: 5V±10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Package: 

- TC55B465P: DIP28-P-300B 

- TC55B465J: SOJ28-P-300A 

Pin Names 



AO ~ A15 


Address Inputs 


I/01 - 1/04 


Data Inputs/Outputs 


CE 


Chip Enable Input 


We 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 



Pin Connection (Top View) 

TC55B465P 



NCC 1 
A15C 2 
A8[ 3 
A7C 4 
A6C 5 
A5C 6 
A4C 7 
A3C 8 
A2C 9 
AlC 10 
AOC 11 
CEC 12 
^C13 
GNDC 14 



28]Vdo 

27]A14 

26]A13 

25]A9 

24]A10 

23]A11 

22]A12 

21 ]NC 

203NC 

19] 1/01 

18] 1/02 

17] 1/03 

16] 1/04 

15]W? 



(DIP) 



TC55B465J 
NCCfl 




(SOJ) 
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TC55B465P/J-10/12 



Static RAM 



Block Diagram 



> OC u_ 
>Qu. 

0C< OQ 



O Ui 

a: Q 



MEMORY CELL 
ARRAY 

256x256x4 
(262,144) 



VoD 



-o GND 




SENSE AMP 



COLUMN 
DECODER 



3 uj 
|2 a. u. 

<•"'*- 
Q 3 

O DO 



COLUMN 
ADDRESS BUFFER 

rTTTTTTT 

A6 A8 A10 A12 
A7 A9 All A15 



CE 



CE 



Operating IVIode 



PIN 

MODE 


CE 


OE 


WE 


1/01 ~ 1/04 


POWER 


Read 


L 


L 


H 


Output 


'ddo 


Write 


L 




L 


Input 


'ddo 


Output Disable 


L 


H 


H 


High Innpedance 


'ddo 


Standby 


H 






Higli Impedance 


'dds 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vqd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


V|/o 


Input/Output Voltage 


-0.5* ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1.0 


w 


Tsolder 


Soldering Temperature • Time 


260*10 


°C • sec 


TSTRG 


Storage Temperature 


-65-150 


°C 


"■"OPR 


Operating Temperature 


-10-85 


°C 



*-3V with a pulse width of 10ns 



B-50 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



static RAM 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


VlL 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 1 0ns 



DC Characteristics (Ta = ~ 70°C, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|n = 0~Vdd 






+10 




Ilo 


Output Leakage Current 


CE = V|H or OE =V|H or WE =V|l, 
Vqut = ~ Vdd 






±10 


ma 


'oh 


Output High Current 


VoH=2.4V 


-4 






mA 


'OL 


Output Low Current 


Vol = 0.4V 


8 






mA 


'ddo 


Operating Current 


tc^ie = Min cycle 
CE = V,L 

Other Inputs = V|hA/|l, Iqut = On^A 






140 


mA 


'ddsi 


Standby Current 


CE = V,H 

Other Inputs = V|hA/|l 






30 


mA 


'dDS2 


CE = Vdd - 0-2V 

Other Inputs = Vdd - 0.2V or 0.2V 






15 



Capacitance* (Ta = 25°C, f = 1.0MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


PF 


C|/0 


Input/Output Capacitance 


V|/o = GND 


8 


PF 



•This parameter is periodically sampled and is not 100% tested. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



B-51 



TC55B465P/J-10/12 



Static RAM 



AC Characteristics (Ta = ~ 70°C<^>, Vqd = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC55B465P/J-10 


TC55B465P/J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


10 


- 


12 


- 






Address Access Time 


- 


10 


_ 


12 






CE Access Time 


- 


10 


- 


12 




tOE 


UE Access Time 




5 




6 






Output Data Hold Time from Address Change 


3 




3 








Output Enable Time from CE 


3 




3 




ns 


^COD 


Output Disable Time from CE 




5 




6 




tOEE 


Output Enable Time from UE 


1 




1 






tODO 


Output Disable Time from OE 




5 




6 




tpu 


Chip Selection to Power Up Time 
















Chip Deselection to Power Down Time 




10 




12 





Write Cycle 



SYMBOL 


PARAMETER 


TC55B465P/J-10 


TC55B465P/J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


*wc 


Write Cycle Time 


10 




12 






tew 


Chip Enable to End of Write 


7 




8 






tAS 


Address Setup Time 
















Address Valid to End of Write 


7 




8 






twp 


Write Pulse Width 


6 




7 




ns 




Write Recovery Time 


1 




1 






Data Setup Time 


6 




7 








Data Hold Time 














tOEW 


Output Enable Time from WE 


1 




1 






toDW 


Output Disable Time from WE 




5 




6 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig.1 



l/Opin 
o— 



CL=30pFS±: 



777- 



•480n 



255n 



5V 

5 



l/Opin 



I 



•480f. 



255n 



( For tcoE. 
k)0O. *OEW 



and toow ) 



Figure 1 . 
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Timing Waveforms 
Read Cycle 

tRC 




UNKNOWN UNKNOWN 



Write Cycle 1 (WE Controlled Write) 
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Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE. toEE' ^OEW Output Enable Time 

(B) tcoD. boo- bow • ■ ■ ■ Output Disable Time 



CE, OE 



WE 



(A) 



Dour 



High lmpedan<« 



'unknown 



OUTPUT DATA VALID 



UNKNOWN t 2V 




High Impedance 
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TOSHIBA 



TC55328AP/AF-k 



SILICON GATE CMOS 



32,768 WORD x 8 BIT CMOS STATIC RAM 



Description 

The TC55328AP/AJ is a 262,144 bit higin speed CMOS static random access memory organized as 32,768 words by 8 bits anc 
operated from a single 5V supply Toshiba's advanced CMOS technology and circuit design enable high speed operation. 

The TC55328AP/AJ features low power dissipation when the device is deselected using chip enable (C^ and has an output 
enable input (OE) for fast memory access. Also, the device power between memory accesses is reduced by an automatic power 
down circuit. 

The TC55328AP/AJ is suitable for use in high speed applications such as cache memory and high speed storage. All inputs 
and outputs are TTL compatible. 

The TC55328AP/AJ is available in a 300mil width, 28-pin DIP and SOJ suitable for high density surface assembly 



Features 

• Fast access time 

- TC55328AP/AJ-15 

- TC55328AP/AJ-20 

- TC55328AP/AJ-25 

- TC55328AP/AJ-35 

• Low power dissipation 

- Operation: 

- TC55328AP/AJ-15 

- TC55328AP/AJ-20 

- TC55328AP/AJ-25 

- TC55328AP/AJ-35 

- Standby: 1 mA (max.) 

• Single 5V power supply: 5V±10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Package: 

- TC55328AP: DIP28-P-300B 

- TC55328AJ: SOJ28-P-300A 

Pin Names 



15ns (max.) 
20ns (max.) 
25ns (max.) 
35ns (max.) 



1 40mA (max.) 
140mA (max.) 
140mA (max.) 
1 20mA (max.) 



AO ~A14 


Address Inputs 


1/01 ~ 1/08 


Data Inputs/Outputs 


CE 


Chip Enable Input 


We 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 



Pin Connection (Top View) 
TC55328AP 



A14 
A12C 
A7C 
A6C 
A5C 
A4C 
A3C 
A2C 
AlC 
AOC 
I/OIC 
1/02 C 
1/03 C 
GNDC 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 



28 3Vdp 
27]WE 
26]A13 
253A8 
24]A9 
233A1_1 
22]OE 

21 3aio 

20]^ 
19] 1/08 
18 31/07 
17 31/06 
1631/05 
15 31/04 



(DIP) 



TCS5328AJ 




(SOJ) 
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Operating Mode 



PIN 

MODE 


CE 


OE 


WE 


1/01 ~ 1/08 


POWER 


Read 


L 


L 


H 


Output 


boo 


Write 


L 




L 


Input 


'ddo 


Output Disable 


L 


H 


H 


High Impedance 


boo 


Standby 


H 






High Impedance 


Idds 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


V|/o 


Input/Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 


TsOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


TSTRG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-10-85 


°C 



*-3V with a pulse width of 1 0ns 
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DC Recommended Operating Conditions 



SYMBOL 


PARAIHETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 1 0ns 



DC Characteristics fTa = ~ 70»C, Vqd = 5V±10%) 



SYMBni 

V 1 IflDUL. 


PARAMFTFR 


TEST CONDITION 


MIN. 


TYP. 


MAY 
ITInA. 


UNIT 


Ill 


Input Leakage Current 


V|N = ~ Vdd 






+1 


HA 


Ilo 


Output Leakage Current 


CE = V|H or OE =V|H or WE =V|l, 
Vqut = ~ Vdd 




- 


±1 


HA 


'oh 


Output High Voltage 


VoH = 2.4V 


-4 






mA 


loL 


Output Low Voltage 


Vol = 0.4V 


8 


— 




nnA 






tg^ie = iVIin cycle 
CE = V|L 

Ottier inputs = VinA/m 


-15 






140 




'ddo 


Operating Current 


-20 






140 


mA 


-25 












-35 






120 










-15 










'ddsi 




tgycie = Min cycle 
CE = V|H 

Otiier inputs = V|hA/|l 


-20 






20 




Standby Current 


-25 






mA 




-35 








'dDS2 




CE = Vdd - 0.2V 

Otiier inputs = Vdd " 0.2V or 0.2V 






1 




Capacitance* (Ta = 25°C, f = 1.0MHz) 














SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 








Input Capacitance 


V|N = GND 


6 


pF 






C|/0 


Input/Output Capacitance 


V|/o = GND 


8 


PF 







'This parameter is periodically sampled and is not 1 00% tested. 
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Static RAM 



AC Characteristics (Ta = ~ 70°d^\ Vdd = 5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC55328AP/AJ-15 


TC55328AP/AJ-20 


TC55328AP/AJ-25 


TC55328AP/AJ-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


15 




20 




25 




35 








Address Access Time 




15 




20 




25 




35 






CE Access Time 




15 




20 




25 




35 




toE 


OE Access Time 




8 




10 




12 




15 






Output Data Hold Time from Address 
Change 


5 




5 




5 




5 




ns 


tcOE 


Output Enable Time from CE 


5 




5 




5 




5 






tcOD 


Output Disable Time from CE 




8 




8 




10 




15 




*OEE 


Output Enable Time from OE 


1 




1 




1 




.1 






toDO 


Output Disable Time from OE 




8 




8 




10 




15 




Write Cycle 


SYMBOL 


PARAMETER 


TC55328AP/AJ-15 


TC55328AP/AJ-20 


TC55328AP/AJ-25 


TC55328AP/AJ-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


15 




20 




25 




35 






*WP 


Write Pulse Width 


10 




11 




13 




18 








Address Valid to End of Write 


12 




13 




15 




20 






tew 


Chip Enable to End of Write 


12 




13 




15 




20 






tAS 


Address Setup Time 






















ns 




Write Recovery Time 
























Data Setup Time 


8 




10 




12 




15 






*DH 


Data Hold Time 
























tOEW 


Output Enable Time from WE 


1 




1 




1 




1 






tODW 


Output Disable Time from WE 




8 




8 




10 




15 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


2.2V/0.8V 


Output Timing Measurement Reference Levels 


2.0V/0.8V 


Output Load 


Fig. 1 



l/Opin 
o— 



Cu = 30pF 



>480n 



•2550 



l/Opin 



•480n 



2550 



(For tcoE. V>EE. koo. 
tooo. 'toEw antl toow) 



Figure 1 . 
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Timing Waveforms 
Read Cycle <2) 

tRC 




UNKNOWN UNKNOWN 



Write Cycle 1 (WE Controlled Write) 
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Write Cycle 2 (CE Controlled Write) 



ADDRESSES 



twc 



tAS 



DouT 



kOE (6) 



twp 



tew 



UNKNOWN 



tODW(6) 



tos 



DATA STABLE 



X 



High Impedance 



tOH 



X 
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Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE' ^OEE> 'toEW Output Enable Time 

(B) tcoD. hoO' ^ODW Output Disable Time 



CE, OE 



r 



WE 



(A) 





0.2V 



DOUT 



High Impedance 



OUTPUT DATA VALID 



High Impedance 



UNKNOWN 



.2V 
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TOSHIBA 



TC55B328P/J-10/12 



SILICON GATE BiCMOS 



32,768 WORD x 8 BIT BiCMOS STATIC RAM 



Description 

The TC55B328P/J is a 262,144 bit liigin speed BiCMOS static random access memory organized as 32,768 words by 8 bits and 
operated from a single 5V supply Toshiba's BiCMOS technology and advanced circuit design enable high speed operation. 

The TC55B328P/J features low power dissipation when the device is deselected using chip enable (0^ and has an output 
enable input (OE) for fast memory access. 

The TC55B328P/J is suitable for use in high speed applications such as cache memory and high speed storage. All inputs and 
outputs are TTL compatible. 

The TC55B328P/J is available in a 300mil width, 28-pin DIP and SOJ suitable for high density surface assembly. 



Features 

• Fast access time 

- TC55B328P/J-10 10ns (max.) 

- TC55B328P/J-12 12ns (max.) 

• Low power dissipation 

- Operation: 

- TC55B328P/J-10 170mA (max.) 

- TC55B328P/J-12 170mA (max.) 

- Standby: 1 5mA (max.) 

• Single 5V power supply: 5V±10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Package: 

- TC55B328P: DiP28-P-300B 

- TC55B328J: SOJ28-P-300A 
Pin Names 



AO ~A14 


Address Inputs 


I/01 ~ I/08 


Data Inputs/Outputs 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 



Pin Connection (Top View) 
TC55B328P 



A14C 1 
A12C 

A7C 

A6C 

ASC 

A4C 

A3C 

A2C 

AlC 

AOC 
I/OIC 
1/02 C 
1/03 C 
GNOC 



28]Vdd 
27]WE 
26]A13 
25]A8 
24]A9 
23]An 
22]UE 
21 ]A10 
203tE 
19] 1/08 
18] 1/07 
17] 1/06 
16] 1/05 
1 5 ] 1/04 



(DIP) 



TC55B328J 




(SOJ) 
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Block Diagram 



WE 



>Ou. 



UE o- 
U o- 



O Ui 

cc O 



MEMORY CELL 
ARRAY 

256x 128x8 
(262.144) 



M O VoD 

< o GND 



z 

— QC 
Ui 

< ^ 
I— u. 

< 3 
O CQ 




QC 
O 

< 

O Z 
—I ku 
U O 



SENSE AMP — 



COLUMN 
DECODER 



COLUMN ADDRESS 
BUFFER 

TTITTTT 

A6 A9 All A14 
A7 A10 A12 




CE 



Operating Mode 



PIN 

MODE ^^^^^^^ 


CE 


OE 


WE 


1/01 ~ 1/08 


POWER 


Read 


L 


L 


H 


Output 


'ddo 


Write 


L 




L 


Input 


'ddo 


Output Disable 


L 


H 


H 


High Impedance 


'ddo 


Standby 


H 






High Impedance 


'dds 



"H orL 



iVIaximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


V,/o 


Input/Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 


"•"solder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


"I^STRG 


Storage Temperature 


-65 ~ 150 


°C 


"•"OPR 


Operating Temperature 


-10-85 





*-3V with a pulse width of 1 0ns 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 10ns 



DC Characteristics (Ta = ~ 70°C, Vpo = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






±10 


^lA 


Ilo 


Output Leakage Current 


CE = V|H or OE =V|H or WE =V|l, 
Vqut = ~ Vdd 






±10 




'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


lOL 


Output Low Current 


Vol = 0.4V 


8 






mA 


'ddo 


Operating Current 


tc^ie = Min cycle 
CE = V|L 

Other Inputs = V|hA/|l, Iqut = Of^iA 






170 


mA 


'ddsi 


Standby Current 


CE = V|H 

Other Inputs = V|h/V|l 






30 


mA 


IdDS2 


CE = Vdd - 0-2V 

Other Inputs = Vdd - 0-2V or 0.2V 






15 



Capacitance* (Ta = 25°C, f = LOIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


PF 


Cl/0 


Input/Output Capacitance 


V|/o = GND 


8 


PF 



*Thls parameter is periodically sampled and is not 1 00% tested. 
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AC Characteristics (Ta = ~ 70°C^^\ Vpo = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC55B328P/J-10 


TC55B328P/J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


10 




12 








Address Access Time 




10 




12 






CE Access Time 




10 




12 




toE 


OE Access Time 




5 




6 




tOH 


Output Data Hold Time from Address Change 


3 




3 






^COE 


Output Enable Time from CE 


3 




3 




ns 


tcOD 


Output Disable Time from CE 




5 




6 




*OEE 


Output Enable Time from ©E 


1 




1 






tODO 


Output Disable Time from OE 




5 




6 




tpu 


Chip Selection to Power Up Time 
















Chip Deselection to Power Down Time 




10 




12 





Write Cycle 



SYMBOL 


PARAMETER 


TC55B328P/J-10 


TC55B328P/J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


10 




12 






tew 


Chip Enable to End of Write 


7 




8 






^AS 


Address Setup Time 














tAW 


Address Valid to End of Write 


7 




8 






twp 


Write Pulse Width 


6 




7 




ns 


twR 


Write Recovery Time 


1 




1 




^DS 


Data Setup Time 


6 




7 








Data Hold Time 














tOEW 


Output Enable Time from WE 


1 




1 






tODW 


Output Disable Time from WE 




5 




6 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



l/Opin 



Cc=30pF 



X 

I 



•480n 



•255n 



1/Opin 



Cu = 5pF 



T 



sy 



•480n 



•255n 



(For tcOE. toEE. ^oo. ^oo. 
toEW and toow) 



Figure 1 . 
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Timing Waveforms 
Read Cycle 



ADDRESSES 




DouT 



UNKNOWN 



UNKNOWN 



Write Cycle 1 (WE Controlled Write) 



ADDRESSES 




DouT 
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Notes: 



1 . The operating temperature (Ta) is guaranteed witii transverse air flow exceeding 400 linear feet per minute. 

2. WE is h\gh for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE> bEE. toEW Output Enable Time 

(B) tcoD. boo. bow ■ ■ ■ ■ Output Disable Time 



CE, OE 



WE 



(A) 



□out 



High Impedance 



OUTPUT DATA VALID 




0.2V 



High Impedance 



'unknown 



UNKNOWN ' t ° ' 



.2V 
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TOSHIBA 



TC55V328J-20/25/35 



PRELIMINARY 



SILICON GATE CMOS 



32,768 WORD x 8 BIT CMOS STATIC RAM 



Description 

The TC55V328J is a 262,1 44 bit CIVIOS high speed static random access memory organized as 32,768 words by 8 bits and 
designed to operate from a single 3.3V supply Toshiba's advanced CMOS technology and circuit design enable high speed, low 
voltage operation. 

The TC55y328J features low power dissipation when the SRAM is deselected using chip enable (C^ and has an output 
enable input (OE) for fast memory access. It is suitable for use in high speed applications such as cache memory. All inputs and 
outputs are LVTTL (low voltage TTL) compatible. 

The TC55V328J is available in a 28-pin, 300mil SOJ package suitable for high density assembly. 

Features 

• Fast access time 



- TC55V328J-20 20ns (max.) 

- TC55V328J-25 25ns (max.) 

- TC55V328J-35 35ns (max.) 

• Low power dissipation 

- Operation: 

- TC55V328J-20 70mA (max.) 

- TC55V328J-25 70mA (max.) 

- TC55V328J-35 70mA (max.) 

- Standby: 300nA(max.) 

• Fully static operation 

• Single power supply: 3.3V±0.3V 

• Output buffer control: OE 

• Inputs and outputs: 

- LVTTL compatible 

• Package: 

- TC55V328J: SOJ28-P-300A 

Pin Names 



A0~A14 


Address Inputs 


I/01 ~ 1/08 


Data Inputs/Outputs 


CE 


Chip Enable Input 


We 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+3.3V) 


GND 


Ground 



Pin Connection (Top View) 
TC55V328J 

amCm 




(SOJ) 
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Block Diagram 



A8 

A6 
AS 
A4 
A3 
A2 
Al 
AO 







ae 

UJ 




MEMORY CELL 


ROW 

ADORE 

BUFFEI 




ROW 
DECODI 




ARRAY 
256x 128x8 






(262,144) 



'00 



GNO 




Operating IVIode 



MODE 


CE 


OE 


WE 


1/01 ~ 1/08 


POWER 


Read 


L 


L 


H 


Output 


'ddo 


Write 


L 




L 


Input 


'ddo 


Output Disable 


L 


H 


H 


High Impedance 


Iqdo 


Standby 


H 






High Impedance 


'dds 



* High or Low 



IVIaximum Ratings 



SYIVIBOL 


ITEiVI 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 4.6 


V 


V,N 


Input Voltage 


-0.5* ~ 4.6 


V 


V|/o 


Input/Output Voltage 


-0.5* ~ VpD + 0.5** 


V 


Pd 


Power Dissipation 


0.5 


w 


TsOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


TSTRG 


Storage Temperature 


-65 ~ 150 


°C 


"•"OPR 


Operating Temperature 


-10-85 





* -2.0V with a pulse width of 1 0ns 
**Vdd + 1 .5V with a pulse width of 1 0ns 
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DC Recommended Operating Conditions 



SYIVIBOL 


PARAMETER 


IVIIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


3.0 


3.3 


3.6 


V 


V|H 


Input High Voltage 


2.0 




Vdd + 0.3" 


V 


V|L 


Input Low Voltage 


-0.3* 




0.8 


V 



* -1 .5V with a pulse width of 1 0ns 
**Vqd + 1 .OV with a pulse width of 1 0ns 

DC Characteristics (Ta = ~ 70°C, Vdd = 3.3V±0.3V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


IMIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






+1 


^iA 


Ilo 


Output Leakage Current 


CE = V|H or OE = V|H or WE = V.l, Vqut = ~ Vdd 






±1 


liA 


VOH 


Output High Voltage 


Iqh = -2mA 


2.4 






V 


loH = -20mA 


Vdd - 0.2 






V 


Vol 


Output Low Voltage 


l0L=2mA 






0.4 


V 


loL = 20nA 






0.2 


V 


'ddo 


Operating Current 


tcycie = Min cycle, CE = V|l 
Other Inputs = V|hA/|l, iouT= 






70 


mA 


'ddsi 


Standby Current 


CE = V|H 

Other Inputs = V|HA/|L,tcycle = Min cycle 






20 


mA 


'dDS2 


CE = Vdd - 0.2V 

Other Inputs = Vdd ■ 0.2V or 0.2V 






300 





Capacitance* (Ta = 25°C, f = 1.0MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


PF 


C|/0 


Input/Output Capacitance 


V|/o = GND 


10 


PF 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C, Vqq = 3.3V±0.3V) 
Read Cycle 



SYMBOL 


PARAMETER 


TC55V328J-20 


TC55V328J-25 


TC55V328J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


20 


_ 


25 


_ 


35 


_ 




tACC 


Address Access Time 




20 




25 




35 




tco 


CE Access Time 




20 




25 




35 




tOE 


OE Access Time 




10 




12 




15 




tOH 


Output Data Hold Time from Address Cliange 


5 




5 




5 




ns 


tcOE 


Output Enable Time from CE 


5 




5 




5 






tcOD 


Output Disable Time from CE 




8 




10 




15 




tOEE 


Output Enable Time from OE 


1 




1 




1 






tODO 


Output Disable Time From DE 




8 




10 




15 




Write Cycle 


SYMBOL 


PARAMETER 


TC55V328J-20 


TC55V328J-25 


TC55V328J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


20 




25 




35 






twp 


Write Pulse Width 


13 




15 




20 








Address Valid to End of Write 


13 




15 




20 






tew 


Chip Enable to End of Write 


13 




15 




20 






*AS 


Address Setup Time 

















ns 




Write Recovery Time 

















tos 


Data Setup Time 


10 




12 




15 








Data Hold Time 



















tOEW 


Output Enable Time From WE 


1 




1 




1 






tODW 


Output Disable Time From WE 




8 




10 




15 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



I/O pin 



777 



i20on 



870n 



l/Opin 
o— 



C=5pF 4= 



i20on 



870 n 



777 

(For tcoE. toiE, koo. k)oo. 



Figure 1 . 
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Timing Waveforms 
Read Cyeie 




UNKNOWN UNKNOWN 
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Static RAM 



Write Cycle 2 (CE Controfied Write) 



ADDRESSES 




DouT 



Notes: 



1 . WE is high for read cycles. 

2. If the CE low transition occurs coincident with or after the WE low transition, outputs remain in a 
high impedance state. 

3. If the CE high transition occurs coincident with or prior to the WE high transition, outputs remain 
in a high impedance state. 

4. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

5. The following parameters are measured using the load shown in Fig, 1 . 

(A) tcoE' ■^OEE' '^OEW ■ ■ ■ ■ Output Enable Time 

(B) tcoD. ^ODO. ^ODW ■ ■ • ■ Output Disable Time 



CE, OE 



WE 



(A) 



DoUT 



High Impedance 



(B) ^ , 

oiv 'output DATA VAUD~y "'^^ 



UNKNOWN 



UNKNOWN 



Impedance 
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PRELIMINARY 



TOSHIBA 



TC55329AP/AF-15/20/25/35 



SILICON GATE CMOS 



32,768 WORD x 9 BIT CMOS STATIC RAM 



Description 

The TC55329AP/AJ is a 294,91 2 bit high speed CMOS static random access memory organized as 32,768 words by 9 bits and 
operated from a single 5V supply. Toshiba's advanced CMOS technology and circuit design enable high s peed operation. 

The TC55329AP/AJ features low power dissipation when the device is deselected using chip enable (CE1, CE2) and has an 
output enable input (OE) for fast memory access. Also, the device power between memory accesses is reduced by an automatic 
power down circuit. 

The TC55329AP/AJ is suitable for use in high speed applications such as cache memory and high speed storage. All inputs 
and outputs are TTL compatible. 

The TC55329AP/AJ is available in a 300mil width, 32-pin DIP and SOJ suitable for high density surface assembly. 



Features 

• Fast access time 

- TC55329AP/AJ-15 

- TC55329AP/AJ-20 

- TC55329AP/AJ-25 

- TC55329AP/AJ-35 

• Low power dissipation 

- Operation: 

- TC55329AP/AJ-15 

- TC55329AP/AJ-20 

- TC55329AP/AJ-25 

- TC55329AP/AJ-35 

- Standby: 1mA (max.) 

• Single 5V power supply: 5V±10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Package: 

- TC55329AP: DIP32-P-300 

- TC55329AJ: SOJ32-P-300 

Pin Names 



15ns (max.) 
20ns (max.) 
25ns (max.) 
35ns (max.) 



140mA (max.) 
140mA (max.) 
140mA (max.) 
120mA (max.) 



AO ~A14 


Address Inputs 


I/01 ~ I/09 


Data Inputs/Outputs 


GET, CE2 


Chip Enable Inputs 


We 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 



Pin Connection (Top View) 
TC55329AP 



NC 
NCC 
A8C 
A7C 
A6C 
ASC 
A4C 
A3C 
A2C 
AlC 
AOC 
1/01 C 
1/02 C 
1/03 C 
1/04 C 
GNOC 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 



32] Vdd 
31 ]A14 
30]CE2 
29]Wf 
28]A13 
27]A9 
263A10 
25]A11 
24315? 
23]A12 
223CE1 
21 ] 1/09 
20 ] 1/08 
19] 1/07 
18] 1/05 
17] 1/05 



(DIP) 



TCS5329AJ 




(SOJ) 
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Block Diagram 



A9 
A6 
A5 
A4 
A3 
A2 
A1 
AO 



1/01 o- 
1/02 o- 
1/03 o- 
1/04 o- 
1/05 0- 
I/06 o 
1/07 o- 
1/08 
1/09 *^ 



m o- 
CE2 



2 U 
U uj 
OCQ 



T 

J— CE 



MEMORY 
CELL ARRAY 

256x128x9 
(294,912) 



Vdd 
GND 



CE 




Operating IVIode 



PIN 

MODE ^ ^^^"----...^^^^ 


CE1 


CE2 


OE 


WE 


1/01 ~ 1/09 


POWER 


Read 


L 


H 


L 


H 


Output 


'ddo 


Write 


L 


H 




L 


Input 


boo 


Output Disable 


L 


H 


H 


H 


Higti Impedance 


'ddo 


Standby 


H 








Higti Impedance 


'dds 




L 






High Impedance 


'dds 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


VlN 


Input Voltage 


-2.0 ~ 7.0 


V 


V|/o 


Input/Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 


"•"solder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


"•"STRG 


Storage Temperature 


-65 ~ 150 


°C 


"TOPR 


Operating Temperature 


-10-85 


°C 



*-3V with a pulse width of 1 0ns 
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DC Recommended Operating Conditions 



SYMBOL 


PARAIVIETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


VlL 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 1 0ns 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


ViN = ~ Vdd 






±1 


HA 


Ilo 


Output Leakage Current 


CET = V|H or CE2 = V|l or OE = V|h or 
WE = V|L, Vout=0~Vdd 




- 


±1 


liA 


'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


loL 


Output Low Current 


Vol = 0.4V 


8 


- 


- 


mA 








-15 


- 


- 


140 




IpDO 


Operating Current 


tcycie = Min cycle 

CE1 = V|LorCE2 = V|H 

Other Inputs = V|hA/|l 


-20 




- 


140 


mA 


-25 






140 






-35 






120 










-15 










'ddsi 




teycie = Min cycle 

CE1 = V|H or CE2 = V|L 

Other Inputs = V|hA/|l 


-20 






20 




Standby Current 


-25 






mA 




-35 








'dDS2 




CE1 = Vdd " 0.2V or CE2 = 0.2V 
Other Inputs = Vdd - 0.2V or 0.2V 






1 




Capacitance* (Ta = 25°C, f = I .OIVIHz) 














SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 








Input Capacitance 


V|N = GND 


6 


PF 






C|/0 


Input/Output Capacitance 


V|/o = GND 


8 


PF 







*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C<^^ Vqd = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC55329AP/AJ-15 


TC55329AP/AJ-20 


TC55329AP/AJ-25 


TC55329AP/AJ-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


15 




20 




25 




35 






^ACC 


Address Access Time 




15 




20 




25 




35 




^COI 


CET Access Time 




15 




20 




25 




35 




tC02 


CE2 Access Time 




15 




20 




25 




35 




toE 


OE Access Time 




8 




10 




12 




15 






Output Data Hold Time from Address 
Change 


5 




5 




5 




5 




ns 


tcOE 


Output Enable Time from GET or CE2 


5 




5 




5 




5 






tcOD 


Output Disable Time from GET or CE2 




8 




8 




10 




15 




^OEE 


Output Enable Time from OE 


1 




1 




1 




1 






boo 


Output Disable Time from 0E 




8 




8 




10 




15 





Write Cycle 



SYMBOL 


PARAMETER 


TC55329AP/AJ-15 


TC55329AP/AJ-20 


TC55329AP/AJ-25 


TC55329AP/AJ-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


15 




20 




25 




35 






twp 


Write Pulse Width 


10 




11 




13 




18 






Uw 


Address Valid to End of Write 


12 




13 




15 




20 






tew 


Chip Enable to End of Write 


12 




13 




15 




20 






Us 


Address Setup Time 






















ns 




Write Recovery Time 
























Data Setup Time 


8 




10 




12 




15 








Data Hold Time 
























tOEW 


Output Enable Time from WE 


1 




1 




1 




1 






bow 


Output Disable Time from WE 




8 




8 




10 




15 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing IVIeasurement Reference Levels 


2.2V/0.8V 


Output Timing IVleasurement Reference Levels 


2.0V/0.8V 


Output Load 


Fig. 1 



sy 5v 




(For tcoe. toEE, tcoo. 
^oo» toEw and toow) 

Figure 1. 
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Timing Waveforms 
Read Cycle <2) 



ADDRESSES 




Q^^^ High Impedance 



Write Cycle 1 (WE Controlled Write) 



ADDRESSES 



UNKNOWN 



twc 




DouT 



TOSHIBA AMERICA ELECTRONIC COMPONENTSi INC. 



B-83 



TC55329AP/AJ-1 5/20/25/35 
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Write Cycle 2 (CE1 Controlled Write) 



ADDRESSES 



X 



CE2 



(!ST 



DouT 



tAS 



kOE(6) 



twc 



tew 



tew 



tO0W(6) 



UNKNOWN 



X 



tos 



X 



High Impedance 



DATA STABLE 



X 



Write Cycle 3 (CE2 Controlled Write) 



ADDRESSES 




DouT 
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Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE1 low transition or CE2 high transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE- ^OEE' 'toEW Output Enable Time 

(B) tcoD' toDO' toDW Output Disable Time 



CE1, OE 



WE, CE2 



(A) 



DOUT 



High Impedance 



#1D( 



OUTPUT DATA VALID 




UNKNOWN t °' 



0.2V 



.2V 



High Impedance 



UNKNOWN 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



B-85 



static RAM 



Notes 



B-86 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TOSHIBA 



TC55B329P/J-10/12 

SILICON GATE BiCMOS 

32,768 WORD x 9 BIT BICMOS STATIC RAM 



Description 

The TC55B329P/J is a 294,912 bit high speed BiCMOS static random access memory organized as 32,768 words by 9 bits and 
operated from a single 5V supply. Toshiba's BiCMOS technology and advanced circuit design enable hig h sp eed operation. 

The TC55B329P/J features low power dissipation when the device is deselected using chip enable (CE1, CE2) and has an 
output enable input (OE) for fast memory access. 

The TC55B329P/J is suitable for use in high speed applications such as cache memory and high speed storage. All inputs and 
outputs are TTL compatible. 

The TC55B329P/J is available in a 300mil width, 32-pin DIP and SOJ suitable for high density surface assembly 



Features 

• Fast access time 

- TC55B329P/J-10 10ns (max.) 

- TC55B329P/J-1 2 1 2ns (max.) 

• Low power dissipation 

- Operation: 

- TC55B329P/J-10 170mA (max.) 

- TC55B329P/J-12 170mA (max.) 

- Standby: 1 5mA (max.) 

• Single 5V power supply: 5V+10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Package: 

- TC55B329P: DIP32-P-300 

- TC55B329J: SOJ32-P-300 

Pin Names 



Pin Connection (Top View) 

TC55B329P 



TC55B329J 



AO ~ A14 


Address Inputs 


i/01 ~ 1/09 


Data Inputs/Outputs 


CeT, CE2 


Chip Enable Inputs 


WE 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 



NC[ 
NC[ 
A8[ 
A7[ 
A6[ 
A5C 
A4C 
A3C 
A2C 
AlC 
AOC 
1/0 1C 
1/02 C 
1/03 C 
1/04 C 
GNDC 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 



32] Vdd 
31 ]A14 
303CE2 
29 3wf 
283A13 
27]A9 
263A10 
253A11 
243Uf 
233A12 
223CE1 
2131/09 
20 3 1/08 
1931/07 
1831/06 
17 31/05 



(DIP) 




(SOJ) 
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Static RAM 



Block Diagram 




Operating Mode 



PIN 

MODE ^"^----.^^^ 


CE1 


CE2 


OE 


WE 


1/01 - 1/09 


POWER 


Read 


L 


H 


L 


H 


Output 


boo 


Write 


L 


H 




L 


Input 


'ddo 


Output Disable 


L 


H 


H 


H 


High Impedance 


'ddo 


Standby 


H 








High Innpedance 


'dds 




L 






High Impedance 


Idds 



*H orL 



Maximum Ratings 



SYIVIBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


V|/o 


Input/Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 


"•"solder 


Soldering Temperature • Time 


260* 10 


°C • sec 


"•"STRG 


Storage Temperature 


-65 ~ 150 


°C 


"•"OPR 


Operating Temperature 


-10-85 


°c 



*-3\/ with a pulse width of 1 0ns 
B-88 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V,H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 1 0ns 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|n = 0~Vdd 






+10 


|iA 


"lo 


Output Leakage Current 


CET = V|H or CE2 = V,,. or OE = V|h 
or WE =V|L, 
Vqut = ~ Vdd 






+10 




'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


loL 


Output Low Current 


Vol = 0.4V 


8 






mA 


'ddo 


Operating Current 


Wie = Min cycle, 

CE1 = V|LandCE2 = V|H 

Other Inputs = V|hA/|l, Iout= 0mA 






170 


nnA 


'ddsi 


Standby Current 


CET = V|H or CE2 = V|l 
Other Inputs = V|hA/|l 






30 


mA 


'dDS2 


CET = Vdd " 0-2V or CE2 = 0.2V 
Other Inputs = Vdd 0.2V or 0.2V 






15 



Capacitance* (Ta = 25''C, f = 1 .OMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


PF 


C|/0 


Input/Output Capacitance 


V|/o = GND 


8 


PF 



This parameter is periodically sampled and is not 100% tested. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



B-89 



TC55B329P/J-10/12 



Static RAM 



AC Characteristics (Ta = ~ 70°C^^\ Vpo = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC55B329P/J-10 


TC55B329P/J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


10 


- 


12 


- 




Ucc 


Address Access Time 


- 


10 


- 


12 




*C01 


CE1 Access Time 


- 


10 


- 


12 




tc02 


CE2 Access Time 


- 


10 


- 


12 




toE 


UE Access Time 




5 




6 




tOH 


Output Data Hold Time from Address Change 


3 




3 




ns 


tcOE 


Output Enable Time from CE1 or CE2 


3 




3 




tcOD 


Output Disable Time from CE1 or CE2 




5 




6 




toEE 


Output Enable Time from UE 


1 




1 






tODO 


Output Disable Time from UE 




5 




6 




tpu 


Chip Selection to Power Up Time 
















Chip Deselection to Power Down Time 




10 




12 





Write Cycle 



SYMBOL 


PARAMETER 


TC55B329P/J-10 


TC55B329P/J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


two 


Write Cycle Time 


10 




12 






tew 


Chip Enable to End of Write 


7 




8 






tAS 


Address Setup Time 
















Address Valid to End of Write 


7 




8 






twp 


Write Pulse Width 


6 




7 




ns 




Write Recovery Time 


1 




1 




bs 


Data Setup Time 


6 




7 






^DH 


Data Hold Time 














tOEW 


Output Enable Time from WE 


1 




1 






^ODW 


Output Disable Time from WE 




5 




6 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 




Input Pulse Rise and Fall Time 


3ns 




Input Timing Measurement Reference Levels 


1.5V 




Output Timing Measurement Reference Levels 


1.5V 


i/Opin 
o — 


Output Load 


Fig. 1 





Cl = 30pF 



X 
1 



■480n 



•255n 



1/Opin 



C, =5pF 



T 

I 



5y 



■480n 



255n 



(For tcoE, toEE. tCOD. ^000. 
^OEW toDw) 



Figure 1 . 
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Timing Waveforms 
Read Cycle 





tRC 




ADDRESSES ) 


( ) 




tACC 







CE2 



CE1 



Dqut H'g^* Impedance 




UNKNOWN 



UNKNOWN 
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Static RAM 



Write Cycle 2 {CE1 Controlled Write) 



ADDRESSES 



WE 



CE2 



CE1 




Write Cycle 3 (CE2 Controlled Write) 



ADDRESSES 




DouT 
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Notes: 

1 . The operating temperature (Ta) is guaranteed witli transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE1 low transition or CE2 high transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE1 high transition or CE2 low transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE' ^OEE' toEW Output Enable Time 

(B) tcoD' hoO' bow • • • • Output Disable Time 



CE1, OE 



WE,CE2 



DOUT 



(A) 



High Impedance 



Tb) 



OUTPUT DATA VALID 



xzzi 



High Impedance 



UNKNOWN 



UNKNOWN 
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TC551632I-20/25/35 



SILICON GATE CMOS 

32,768 WORD x 16 BIT CMOS STATIC RAM 



Description 

The TC551 632J is a 524,288 bit higli speed CMOS static random access memory organized as 32,768 words by 1 6 bits and 
operated from a single 5V supply. Toshiba's advanced CMOS technology and circuit design enable high speed operation. 

The TC551 632 J features low power dissipation when the device is deselected using chip enable (C^, and has an output 
enable input (OE) for fast memory access. Byte access is supported by upper and lower byte controls. 

The TC551 632J is suitable for use in high speed applications such as cache memory and high speed storage. All inputs and out- 
puts are TTL compatible. 

The TC551 632J is available in a 400mil width, 40-pin SOJ suitable for high density surface assembly. 



Features 

• Fast access time 

- TC551632J-20 20ns (max.) 

- TC551632J-25 25ns (max.) 

- TC551632J-35 35ns (max.) 

• Low power dissipation 



Cycle Time 


20 


25 


35 


100 


ns 


Operation (max.) 


220 


200 


170 


130 


mA 



- Standby: 1 mA (max.) 

• Single 5V power supply: 5V±10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Data byte controls: LB, UB 

• Package: SOJ40-P-400 

Pin Names 



AO ~ A14 


Address Inputs 


I/01 ~ 1/016 


Data Inputs/Outputs 


CE 


Chip Enable Input 


We 


Write Enable Input 


OE 


Output Enable Input 


LB, UB 


Data Byte Control Inputs 


Vdd 


Power (+5V) 


GND 


Ground 



Pin Connection (Top View) 



TC551632J 













A3 


C 


1 


40 


3 A4 


A2 


c 


2 


39 


3 AS 


A1 


c 


3 


38 


DUE 


AO 


c 


4 


37 


: UB 


CE 


c 


5 


36 


3 LB 


i;oi 


c 


6 


35 


3 1/016 


1/02 


c 


7 


34 


3 1/015 


1/03 


c 


8 


33 


3 1/014 


1/04 


c 


9 


32 


3 1/013 


Vdd 


c 


10 


31 


3 GND 


GND 


c 


11 


30 


3Voo 


1/05 


c 


12 


29 


3 1/012 


1/06 


c 


13 


28 


3 t/011 


1/07 


c 


14 


27 


3 I/O10 


1/08 


c 


15 


26 


3 1/09 


WE 


c 


16 


25 


3 A6 


A14 


c 


17 


24 


3A7 


A13 


c 


18 


23 


3A8 


A12 


c 


19 


22 


3 A9 


All 


E 


20 


21 


3 AlO 



(SOJ) 
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Block Diagram 



1/02 °- 
1/03 o- 




Operating Mode 



PIN 

MODE 


CE 


OE 


WE 


LB 


UB 


1/01 ~ 1/08 


1/09-1/016 


POWER 


Read 


L 


L 


H 


L 


L 


Output 


Output 


'ddo 


H 


L 


High Impedance 


Output 


'ddo 


L 


H 


Output 


High Impedance 


'ddo 


Write 


L 




L 


L 


L 


Input 


Input 


■ddo 


H 


L 


High Impedance 


Input 


'ddo 


L 


H 


Input 


High Impedance 


'ddo 


Output Disable 


L 


H 


H 






High Impedance 


High Impedance 


'ddo 


L 






H 


H 


High Impedance 


High Impedance 


'dds 


Standby 


H 










High Impedance 


High Impedance 


'dds 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0* ~ 7.0 


V 


V|/o 


Input/Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.5 


w 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


TSTRG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-10-85 





*-3V with a pulse width of 10ns 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 1 0ns 



DC Characteristics CTa = ~ TCC, Vpo = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






±10 




Ilo 


Output Leakage Current 


CE = V|H or WE = V|L or OE = V|h 
Vqut = ~ Vdd 






±10 


ma 


'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


loL 


Output Low Current 


Vol = 0.4V 


8 






mA 


'ddo 


Operating Current 


CE = V|L, louT = OmA, 
Other Inputs = V|h/V|l 


tcycle = 20ns 






220 


mA 


tcycle = 25ns 






200 


^cycle ~ 35ns 






170 


tcycle= 100ns 






130 


'ddsi 


Standby Current 


CE = V|H, orUB = LB = V|H 
Other Inputs = V|hA/|l 






30 


mA 


'dDS2 


CE = Vdd - 0.2V, or DB = LB = Vdd - 0.2V 
Other Inputs = Vdd ■ 0.2V or 0.2V 






1 



Capacitance* (Ta = 25°C, f = 1.0l\/IHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


PF 


C|/0 


Input/Output Capacitance 


V|/o = GND 


8 


PF 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C<^\ Vqd = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC551632J-20 


TC551632J-25 


TC551632J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tpc 


Read Cycle Time 


20 




25 




35 






Ucc 


Address Access Time 




20 




25 




35 




tco 


CE Access Time 




20 




25 




35 




tOE 


OE Access Time 




10 




12 




17 




tBA 


UB, LB Access Time 




20 




25 




35 




tOH 


Output Data Hold Time from Address Change 


5 




5 




5 




ns 


tcOE 


Output Enable Time from CE 


5 




5 




5 




tOEE 


Output Enable Time from OE 


1 




1 




1 






tBE 


Output Enable Time from UB, LB 


1 




1 




1 






^COD 


Output Disable Time from CE 




8 




8 




8 




hoo 


Output Disable Time from 0E 




8 




8 




8 




tBD 


Output Disable Time from DB, LB 




8 




8 




8 





Write Cycle 



SYMBOL 


PARAMETER 


TC551632J-20 


TC551632J-25 


TC551632J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


20 




25 




35 






twp 


Write Pulse Width 


10 




12 




16 






tew 


Chip Enable to End of Write 


13 




15 




17 








DB, lb Enable to End of Write 


13 




15 




17 








Address Valid to End of Write 


12 




14 




16 






tAS 


Address Setup Time 

















ns 




Write Recovery Time 

















bs 


Data Setup Time 


10 




10 




10 








Data Hold Time (WE) 





















Data Hold Time (CE, UB, LB) 


1 




1 




1 






toEW 


Output Enable Time from WE 


1 




1 




1 






tODW 


Output Disable Time from WE 




8 




8 




8 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



'480n 



l/Opin 
o— 



l/Opin 
o— 

Cl = 30pF=^= >25Sn Cl = 5pF dp 



'4800 



•255n 



77Z 

(For tcoE. k)EE. koo. 
tooo. toEw and toow) 



Figure 1. 
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Timing Waveforms 
Read Cycle 



ADDRESSES 




Write Cycle 1 (WE Controlled) 



ADDRESSES 




UB,LB 



Dout 
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Write Cycle 2 (CE Controlled) 



ADDRESSES 




Write Cycle 3 (UB, LB Controlled) 



ADDRESSES 



UB.LB 



Dout 



Din 



tBE (6) 



(6) 



twp 



tew 



taw 



)( 



toDW (6) 



tos 



twR 



High Impedance 



Jo HI 



•) ( DaUSUble ) C 
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Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per nninute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE. bEE. ^BE' bEW Output Enable Time 

(B) tcoD. boo. ^BD. toDW ■ ■ ■ ■ Output Disable Time 



^, OE 
UB, LB 




/ 



WE 





(A) 



(B) 



□out 



High imi 



ipedance M0-2V W" 



Vto.2V A 



UNKNOWN 



OUTPUT DATA VALID 




>|i High Impedance 



0.2V 



0.2V 
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TOSHIBA 



TC55B4256J-12/15/20 

SILICON GATE BiCMOS 

262,144 WORD x 4 BIT BiCMOS STATIC RAM 



Description 

The TC55B4256J is a 1 ,048,576 bit Inigli speed BiCMOS static random access memory organized as 262,144 words by 4 bits 
and operated from a single 5V supply. Toshiba's BiCMOS technology and advanced circuit design enable high speed operation. 

The TC55B4256J features low power dissipation when the device is deselected using chip enable (0^. 

The TC55B4256J is suitable for use in applications where high speed is required such as cache memory, high speed storage, and 
main memory. All inputs and outputs are TTL compatible. 

The TC55B4256J is available in a 400mil width, 28-pin SOJ suitable for high density surface assembly 



Features 

• Fast access time 

- TC55B4256J-1 2 

- TC55B4256J-15 

- TC55B4256J-20 

• Low power dissipation 

- Operation: 

- TC55B4256J-12 

- TC55B4256J-15 

- TC55B4256J-20 

- Standby: 

• Single 5V power supply: 5V±1 0% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Package: 

- TC55B4256J : SOJ28-P-400 



Pin Names 



12ns (max.) 
15ns (max.) 
20ns (max.) 



130mA (max.) 
1 30mA (max.) 
130mA (max.) 
12mA (max.) 



AO ~ A17 


Address Inputs 


1/01 ~ 1/04 


Data Inputs/Outputs 


CE 


Chip Enable Input 


WE 


Write Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 



Pin Connection (Top View) 

TC55B4256J 



A3C 


1 




3A4 


A2C 


2 


27 


3 AS 


AlC 


3 


25 


]A5 


AOC 


4 


25 


5a7 


CEC 


5 


24 


3A8 


1/01 C 


6 


23 


]t/04 




7 


22 


3GND 


gndC 


8 


21 


3 Vdd 


1/02 C 


9 


20 


31/03 


weC 


10 


19 


3A9 


A17C 


11 


18 


3aio 


A16C 


12 


17 


3 All 


A15C 


13 


16 


3ai2 


A14C 


U 


15 


3ai3 



(SOJ) 
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Block Diagram 
A8 = 




CE o 



CE 



Operating l\^ode 



PIN 

MODE 


CE 


WE 


I/O 


POWER 


Read 


L 


H 


Output 


'ddo 


Write 


L 


L 


Input 


'ddo 


Standby 


H 




High-Z 


'dds 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0* ~ 7.0 


V 


V|/0 


Input/Output Voltage 


-0.5* ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


900 


mW 


TsOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


TSTRG 


Storage Temperature 


-65 ~ 150 


°C 


ToPR 


Operating Temperature 


-10 ~ 85 


°C 



*-3V with a pulse width of 1 0ns 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V,h"'" 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



' -3V with a pul&(j Width of 10ns 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Leakage Current 


V|N = ~ Vdd 






±10 


HA 


Ilo 


Output Leakage Current 


CE = V|H orWE=V|L, 
Vqut = ~ Vdd 






+ 10 


|xA 


Iqh 


Output High Current 


VoH = 2.4V 


-4 






mA 


Output Low Current 


Vol = 0.4V 


8 






mA 


'ddo 


Operating Current 


tcycie = Min cycle, 
CE = V|L, louT=OmA, 
Other Inputs = Vih/V|l 






130 


mA 


Iddsi 


Standby Current 


CE = V|H, 

Other Inputs = V|hA/|l 






30 


mA 


IdDS2 


CE = Vdd - 0.2V, 

Other Inputs = Vdd - 0.2V or 0.2V 






12 


Capacitance* (Ta = 25°C, f = 1.0MHz) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


pF 


C|/o 


Input/Output Capacitance 


V|/o=GND 


8 


PF 



*Ttiis paranioter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C^^^ Vpo = 5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC55B4256J-12 


TC55B4256J-15 


TC55B4256J-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


12 




15 




20 








Address Access Time 




12 




15 




20 






Chip Enable Access Time 




12 




15 




20 


ns 




Output Data Hold Time from Address Change 


4 




4 




4 




tcOE 


Output Enable Time from CE 


4 




4 




4 








Output Disable Time from CE 




6 




7 




8 




Write Cycle 


SYMBOL 


PARAMETER 


TC55B4256J-12 


TC55B4256J-15 


TC55B4256J-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


Vc 


Write Cycle Time 


12 




15 




20 








Write Pulse Width 


8 




9 




10 








Address Valid to End of Write 


9 




10 




11 






tew 


Chip Enable to End of Write 


8 




9 




10 






tAS 


Address Setup Time 

















ns 


tWR 


Write Recovery Time 


1 




1 




1 




bEW 


Output Enable Time from WE 


1 




1 




1 






tODW 


Output Disable Time from WE 




6 




7 




8 






Data Setup Time 


7 




8 




9 






^DH 


Data Hold Time 




















AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing IVIeasurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



l/Opin 
o— 



Cu = 30pF =^= 



777 



r48on 



•25sn 



r48on 



l/Opin 
o— 



Cl = 5pF =f= ^255n 

777 
(For tcoE. tcoo. 
toEW and toow) 



Figure 1. 
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Timing Waveforms 
Read Cycle 



ADDRESS 



DquT 




Write Cycle 1 (WE Controlled Write) 



ADDRESS 



WE 



twc 




Write Cycle 2 (CE Controlled Write) 



ADDRESS 



twc 
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Notes: 



1 . The operating temperature (Ta) is guaranteed witli transverse air flow exceeding 400 iinear feet per minute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE' '^OEW Output Enable Time 

(B) tcoD. bDW ■ ■ ■ • Output Disable Time 



CE 



/ 



WE 



(A) 



(B) 



□out 



High l.npedance 





4- ^^iC"! 

~0.2V Irr.pedance 



OUTPUT DATA VALID 



I 0.2V 



UNKNOWN 



UN'KNOV.'N 
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TOSHIBA 



TC55B4257J-12/15/20 



SILICON GATE BiCMOS 



262,144 WORD x 4 BIT BiCMOS STATIC RAM 



Description 

The TC55B4257J is a 1 ,048,576 bit high speed BiCMOS static random access memory organized as 262,144 words by 4 bits 
and operated from a single 5V supply Toshiba's BiCMOS technology and advanced circuit design enable high speed operation. 

The TC55B4257J features low power dissipation when the device is deselected using chip enable [CEj, and has an output 
enable input (OE) for fast memory access. 

The TC55B4257J is suitable for use in applications where high speed is required such as cache memory, high speed storage, and 
main memory. All inputs and outputs are TTL compatible. 

The TC55B4257J is available in a 400mil width, 32-pin SOJ suitable for high density surface assembly. 



Features 

• Fast access time 

- TC55B4257J-12 

- TC55B4257J-15 

- TC55B4257J-20 

• Low power dissipation 

- Operation; 

- TC55B4257J-12 

- TC55B4257J-15 

- TC55B4257J-20 

- Standby: 

• Single 5V power supply: 5V±10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Package: 

- TC55B4257J : SOJ32-P-400A 

Pin Names 



1 2ns (max.) 
1 5ns (max.) 
20ns (max.) 



130mA (max.) 
130mA (max.) 
1 30mA (max.) 
12mA (max.) 



A0~A17 


Address Inputs 


1/01 ~ 1/04 


Data Inputs/Outputs 


CE 


Chip Enable Input 


We 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 


NO 


No Connection 



Pin Connection (Top View) 

TC5534257J 




(SOJ) 
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CE o- 



WE 



CE 



Operating Mode 



PIN 

MODE 


CE 


OE 


WE 


I/O 


POWER 


Read 


L 


L 


H 


Output 


boo 


Write 


L 




L 


input 


boo 


Output Disabled 


L 


H 


H 


High-Z 


'ddo 


Standby 


H 






Higti-Z 


bos 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Suppiy Voitage 


-0.5 ~ 7.0 


V 


VlN 


Input Voitage 


-2.0* ~ 7.0 


V 


V|/0 


input/Output Voitage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


900 


mW 


TsOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


"•"STRG 


Storage Temperature 


-65 ~ 150 


°C 


TqPR 


Operating Temperature 


-10-85 


°C 



*-3V with a pulse width of 1 0ns 
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DC Recommended Operating Conditions 



SYIVIBOL 


PARAIVIETER 


IVIIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 10ns 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V+10%) 



SYIVIBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






+10 




'lo 


Output Leakage Current 


CE = V|H or We =V|l or OE = V|h, 
Vqut = ~ Vdd 






+10 




Iqh 


Output High Current 


VoH = 2.4V 


-4 






mA 


lOL 


Output Low Current 


Vol = 0.4V 


8 






mA 


'ddo 


Operating Current 


tcycie = Min cycle, 
CE = V|L, louT=OmA, 
Other Inputs = V|hA/|l 






130 


mA 


Iddsi 


Standby Current 


CE = V|H, 

Other Inputs = V|hA/|l 






30 


mA 


'dDS2 


CE = Vdd - 0-2V, 

Other inputs = Vdd - 0.2V or 0.2V 






12 



Capacitance* (Ta = 25°C, f = I.OIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


pF 


Cl/0 


Input/Output Capacitance 


V|/o=GND 


8 


PF 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C^^\ Vqd = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC55B4257J-12 


TC55B4257J-15 


TC55B4257J-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


12 


_ 


15 


_ 


20 


_ 




tACC 


Address Access Time 




12 




15 




20 




tco 


Chip Enable Access Time 




12 




15 




20 




toE 


Output Enable Access Time 




7 




8 




10 




*COE 


Output Enable Time from CE 


4 




4 




4 




ns 


tcOD 


Output Disable Time from CE 




6 




7 




8 




toEE 


Output Enable Time from OE 



















toDO 


Output Disable Time from OE 




5 




6 




7 






Output Data Hold Time from Address Change 


4 




4 




4 







Write Cycle 



SYMBOL 


PARAMETER 


TC55B4257J-12 


TC55B4257J-15 


TC55B4257J-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


12 




15 




20 






twp 


Write Pulse Width 


8 




9 




10 








Address Valid to End of Write 


9 




10 




11 






tew 


Chip Enable to End of Write 


8 




9 




10 






tAS 


Address Setup Time 

















ns 


twR 


Write Recovery Time 


1 




1 




1 




tOEW 


Output Enable Time from WE 


1 




1 




1 






tODW 


Output Disable Time from WE 




6 




7 




8 




tos 


Data Setup Time 


7 




8 




9 








Data Hold Time 




















AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



i/Opin 



Cu = 30pF =i= 
/77 



•480a 



2550 



l/Opin 
o— 



Cl = 5pF 4= 



•480n 



2550 



/7Z 

(For tcoE. toEE. tcoo. 



Figure 1. 
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Timing Waveforms 
Read Cycle <2) 



ADDRESS 



^ m 




Write Cycle 1 (WE Controlled Write) 



twc 




Write Cycle 2 (CE Controlled Write) 



ADDRESS 



twc 
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Notes: 

1 . The operating temperature (Ta) is guaranteed witli transverse air flow exceeding 400 linear feet per nninute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE> ■^OEE' '^OEW Output Enable Time 

(B) tcoD' boo. toDW • ■ • • Output Disable Time 



CE, UE 



WE 



DouT 




High 

{— Q.2\/ Impedance 



i_0.2V 



UNKNOWN 



UNKNOWN 
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Description 

The TC55B81 28P/J is a 1 ,048,576 bit h\gh speed BiCMOS static random access memory organized as 1 31 ,072 words by 8 bits 
and operated from a single 5V supply Toshiba's BiCMOS technology and advanced circuit design enable hi^h speed operation. 

The TC55B81 28P/J features low power dissipation when the device is deselected using chip enable (C^, and has an output 
enable input (OE) for fast memory access. 

The TC55B81 28P/J is suitable for use in high speed applications such as cache memory and high speed storage. All inputs and 
outputs are TTL compatible. 

The TC55B81 28P/J is available in a 400mil width, 32-pin DIP and SOJ suitable for high density surface assembly 



Features 

• Fast access time 

- TC55B8128P/J-12 12ns (max.) 

- TC55B8128P/J-15 15ns (max.) 

- TC55B8128P/J-20 20ns (max.) 

• Low power dissipation 

- Operation: 

- TC55B8128P/J-12 150mA (max.) 

- TC55B8128P/J-15 150mA (max.) 

- TC55B8128P/J-20 150mA (max.) 

- Standby: 15mA (max.) 

• Single 5V power supply: 5V±10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

• Package: 

- TC55B8128P: DIP32-P-400 

- TC55B8128J: SOJ32-P-400A 

Pin Names 



A0~A16 


Address Inputs 


1/01 ~ I/08 


Data Inputs/Outputs 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 



Pin Connection (Top View) 
TCS588128P 



A3C 
A2C 
AU 
AOC 

1/01 c 

1/02 C 

VooC 
GND[ 

1/03 C 
1/04 C 
WFC 
A16C 
A15C 
AUC 
A13C 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 



32 ] A4 
31 ] AS 
30 ] A6 
29 ] A7 

28 3 m 

27 ] 1/08 
26 ] 1/07 
25 ] GND 
24 3 Voo 
23 3 1/06 
22 3 1/05 
21 3 A8 
20 3 A9 
19 3 AlO 
18 3 All 
17 3 A12 



(DIP) 



TCS588128J 

A3dT 
A2C 2 
Al C 3 
AOC 4 

m 5 

1/01 C 6 
1/02 C 7 
VooC 8 
GNOC 9 
1/03 C 10 
U04E 11 
W?C 12 
A16C 13 
A15C 14 
A14C 15 
A13Cll6 

(SOJ) 
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Block Diagram 
A8 c 























LU 




Ui UJ 




Q 




>Qu. 












O UJ 




0C< CQ 









ARRAY 
512x 255x8 
(1.048.576) 



Operating Mode 



*H or I 



Maximum Ratings 



-o GND 




^^^.^^ PIN 
MODE 


CE 


OE 


WE 


I/O 


POWER 


Read 


L 


L 


H 


Output 


'ddo 


Write 


L 




L 


Input 


'ddo 


Output Disabled 


L 


H 


H 


High-Z 


'ddo 


Standby 


H 






High-Z 


'dds 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 - 7.0 


V 


V|N 


Input Voltage 


-2.0* - 7.0 


V 


Vi/o 


Input/Output Voltage 


-0.5* - Vdd + 0-5 


V 


Pd 


Power Dissipation 


900 


mW 


^SOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


TsTRG 


Storage Temperature 


-65 - 150 


°C 


TOPR 


Operating Temperature 


-10-85 





*-3V with a pulse width of 1 0ns 
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DC Recommended Operating Conditions 



SYIVIBOL 


PARAIWETER 


IVIIN. 


TYP. 


iVIAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 10ns 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



SYIVIBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|N = ~ Vdd 






+10 


|iA 


Ilo 


Output Leakage Current 


CE = V|H or We =V|l or OE =V|h, 
Vqut = ~ Vdd 






±10 


HA 


Iqh 


Output High Current 


VoH = 2.4V 


-4 






mA 


"OL 


Output Low Current 


Vol = 0.4V 


8 






mA 


'ddo 


Operating Current 


tgycie = '^''^ cycle, 
CE = V|L, louT=OmA, 
Other Inputs = V|hA/|l 






150 


mA 


'ddsi 


Standby Current 


CE = V|H, 

Other Inputs = V|hA/|l 






30 


mA 


IddS2 


CE = Vdd - 0.2V, 

Other Inputs = Vdd - 0.2V or 0.2V 






15 



Capacitance* (Ta = 25°C, f = I.OIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


PF 


C|/0 


Input/Output Capacitance 


V|/o = GND 


8 


PF 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C^^\ Vdd = 5V+10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC55B8128P/J-12 


TC55B8128P/J-15 


TC55B8128P/J-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


*RC 


Read Cycle Time 


12 


_ 


15 




20 


_ 




^ACC 


Address Access Time 




12 




15 




20 




tco 


Chip Enable Access Time 




12 




15 




20 




tOE 


Output Enable Access Time 




7 




8 




10 




tcOE 


Output Enable Time from CE 


4 




4 




4 




ns 


^COD 


Output Disable Time from CE 




6 




7 




8 




toEE 


Output Enable Time from OE 



















tODO 


Output Disable Time from OE 




5 




6 




7 






Output Data Hold Time from Address Change 


4 




4 




4 






Write Cycle 


SYIVIBOL 


PARAMETER 


TC55B8128P/J-12 


TC55B8128P/J-15 


TC55B8128P/J-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


12 




15 




20 






twp 


Write Pulse Width 


8 




9 




10 








Address Valid to End of Write 


9 




10 




11 






tew 


Chip Enable to End of Write 


8 




9 




10 






tAS 


Address Setup Time 

















ns 


twR 


Write Recovery Time 


1 




1 




1 




^OEW 


Output Enable Time from WE 


1 




1 




1 






*ODW 


Output Disable Time from WE 




6 




7 




8 






Data Setup Time 


7 




8 




9 








Data Hold Time 




















AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



l/Opin 
o— 



CL = 30pF 



X 



■48on 



255n 



l/Opin 
o— 



CL = 5pF =^ 



•480n 



•25Sn 



777 

(For tco£. tote. koo. 

k)00. ^EW toow) 



Figure 1. 
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Timing Waveforms 
Read Cycle 



tRC 




Write Cycle 1 (WE Controlled Write) 



twc 
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Static RAM 



Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE' ^OEE' toEW Output Enable Time 

(B) tcoD. toDO. toDW • • ■ ■ Output Disable Time 



\ 



/ 





(A) 



(B) 



DouT 



High impedanr.* 




OUTPUT DATA VALID 




UNKNOWN ♦ 



"0.2V Intpedanct 



.2V 



High 



UNKNOWN 
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TC551664J-15/20/25 



SILICON GATE CMOS 

65,536 WORD x 16 BIT CMOS STATIC RAM 



Description 

The TC551664v) is a 1 ,048,576 bit high speed CMOS static random access memory organized as 65,536 words by 16 bits and 
operated trorn a single 5V supply. Toshiba's advanced CMOS technology and circuit design enable high speed operation. 

The TC5b1664J features low power dissipation when the device is deselected using chip enable (C^, and has an output 
enat)le irifjut (OE) for fast memory access. Byte access is supported by upper and lower byte controls. 

The Tr:551 664J is suitable for use in high speed applications such as cache memory and high speed storage. All inputs and out- 
puts are 71 L compatible. 

The TC551 664J is available in a 400mil width, 44-pin SOJ suitable for high density surface assembly 



Features 

• Fast access time 

TC551664J -15 15ns (max.) 

- TC551664J-20 20ns (max.) 

- TC551664J 25 25ns (max.) 

• L.ow power dissipation 



Cycle Time 


15 


20 


25 


30 


50 


ns 


Operation (max.) 


260 


220 


200 


180 


150 


mA 



- Standby: 1 mA (max.) 

• Single 5V power supply: 5V±1 0% 

• Fully static operation 

• inputs and outputs TTL compatible 

• Output buffer control: OE 

• LOata byte controls: LB, UB 

• Package: SOJ44-P-400 

Pin Names 



A0~A15 


Address Inputs 


I/01 - i/016 


Data Inputs/Outputs 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


LB, UB 


Data Byte Control Inputs 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 



Pin Connection (Top View) 
TC551664J 



A4 
A3 
A2 
A1 
AO 
Cc 
1/01 
1/02 
1/03 
1/04 

Voo 
GNO 
1/05 
1/06 
1/07 
1 /08 
WE 
AIS 



I 1 
2 



AUC 19 
A13 C 20 
A12 C 21 
NC 0.22 



3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 



44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 



AS 
AS 
A7 

u 

1/016 
3 t/015 
3 1/014 

: 1/013 

: GNO 

3 Voo 
3 1/012 
3 l/Oll 
3 I/O10 
3 1/09 
3 NC 
3 AS 
3 A9 
3 A10 
3 All 
ONC 



(SOJ) 
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Static RAM 



Block Diagram 




Operating IVIode 



PIN 

MODE ^^^-----..^^^ 


CE 


OE 


WE 


LB 


UB 


1/01 ~ 1/08 


1/09-1/016 


POWER 


Read 


L 


L 


H 


L 


L 


Output 


Output 


'ddo 


H 


L 


High Impedance 


Output 


'ddo 


L 


H 


Output 


High Impedance 


'ddo 


Write 


L 




L 


L 


L 


Input 


Input 


'ddo 


H 


L 


High Impedance 


Input 


'ddo 


L 


H 


Input 


High Impedance 


'ddo 


Output Disable 


L 


H 


H 






High Impedance 


High Impedance 


'ddo 


L 






H 


H 


High Impedance 


High Impedance 


'ddo 


Standby 


H 










High Impedance 


High Impedance 


'dds 



*H orL 



IVIaximum Ratings 



SYIVIBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0* ~ 7.0 


V 


V|/o 


Input/Output Voltage 


-0.5* ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1.5 


w 


"■"solder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


"■"STRG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-10-85 


°C 



*-3V with a pulse width of 1 0ns 
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TC551664J-1 5/20/25 



DC Recommended Operating Conditions 



SYIVIBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with a pulse width of 1 0ns 

DC Characteristics (Ta = ~ 70°C, Vqq = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


Vin = 0~Vdd 






±10 


liA 


'lo 


Output Leakage Current 


CE = V|H or WE = V|L or OE = V,h 
Vqut = ~ Vdd 






±10 


HA 


'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


loL 


Output Low Current 


Vol = 0.4V 


8 






mA 


'ddo 


Operating Current 


CE = V|L, louT=OmA, 
Other Inputs = V|hA/|l 


tcycle= 15ns 






260 


mA 


Wcie = 20ns 






220 


tcycle = 25ns 






200 


tcycle = 30ns 






180 


tcycle = 50ns 






150 


'ddsi 


Standby Current 


CE = V|H, 

Other Inputs = V|hA/|l 






30 


mA 


IdDS2 


CE = Vdd - 0.2V 

Other Inputs = Vdd - 0.2V or 0.2V 






1 



Capacitance* (Ta = 25°C, f = 1.0MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


PF 


C|/o 


Input/Output Capacitance 


V|/o = GND 


8 


PF 



This parameter is periodically sampled and is not 1 00% tested. 
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AC Characteristics (Ta = ~ 70°C<^), Vqd = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC551664J-15 


TC551664J -20 


TC551664J -25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


*RC 


Read Cycle Time 


15 


_ 


20 


_ 


25 


_ 




^ACC 


Address Access Time 


_ 


15 


_ 


20 


_ 


25 




*CO 


CE Access Time 


_ 


15 


_ 


20 


_ 


25 




tOE 


DE Access Time 




8 




10 


_ 


12 




^BA 


UB, LB Access Time 




8 




10 




12 




toH 


Output Data Hold Time from Address Change 


5 




5 




5 




ns 


tcOE 


Output Enable Time from CE 


5 




5 




5 




*OEE 


Output Enable Time from OE 


1 




1 




1 






tBE 


Output Enable Time from DB, C5 


1 




1 




1 






*COD 


Output Disable Time from CE 




8 




8 




8 




toDO 


Output Disable Time from OE 




8 




8 




8 




*BD 


Output Disable Time from DB, LB 




8 




8 




8 





Write Cycle 



SYMBOL 


PARAMETER 


TC551664J-15 


TC551664J -20 


TC551664J -25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


15 




20 




25 






twp 


Write Pulse Width 


9 




10 




12 






tew 


Chip Enable to End of Write 


12 




13 




15 






tBW 


DB, LB Enable to End of Write 


9 




12 




14 






Uw 


Address Valid to End of Write 


9 




12 




14 






tAS 


Address Setup Time 

















ns 


twR 


Write Recovery Time 



















bs 


Data Setup Time 


8 




10 




10 








Data Hold Time 



















toEW 


Output Enable Time from WE 


1 




1 




1 






tODW 


Output Disable Time from WE 




8 




8 




8 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



I/O pin 



CL = 30pF=*= 



:48on 



2S5n 



l/Opin 
o— 



CL = 5pF =*r 



2S5n 



777 

(For tcoE. toi£. koo. 
*ooo. toEw »nd toow) 



Figure 1 . 
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TC551664J-1 5/20/25 



Timing Waveforms 
Read Cycle 



ADDRESSES 




UB, LB 



Dout 



Write Cycle 1 (WE Controlled) 



ADDRESSES 




UB, LB 



Dout 
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Static RAM 



Write Cycle 2 (CE Controlled) 




Write Cycle 3 (UB, LB Controlled) 



twc 
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Notes: 

1 . The operating temperature (Ta) is guaranteed witli transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 



6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE- toEE. ^BE. ^OEW Output Enable Time 

(B) tcoD' ^ODO. %D. bow ■ ■ ■ • Output Disable Time 




TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



B-127 



static RAM 



Notes 



B-128 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TC55V1664J/FT-10/12/15 



PRELIMINARY 



SILICON GATE CMOS 

65,536 WORD x 16 BIT CMOS STATIC RAM 



Description 

The TC55V1 664J/FT is a 1 ,048,576 bit h\gh speed CMOS static random access memory organized as 65,536 words by 1 6 bits 
and operated from a single 3.3V supply Toshiba's advanced CMOS technology and circuit design enable high speed operation. 

The TC55V1 664J/FT features low power dissipation when the device is deselected using chip enable (CE), and has an output 
enable input (OE) for fast memory access. Byte access is supported by upper and lower byte controls. 

The TC55V1 664J/FT is suitable for use in high speed applications such as cache memory and high speed storage. All inputs and 
outputs are LVTTL compatible. 

The TC55V1 664J/FT is available in a 400mil width, 44-pin plastic SOJ and thin small outline package (fonA/ard type) suitable for 
high density surface assembly 



Features 

• Fast access time 

- TC55V1664J/FT-10 

- TC55V1664J/FT-12 

- TC55V1664J/FT-15 

• Low power dissipation 



Pin Connection (Top View) 



10ns (max.) 
12ns (max.) 
15ns (max.) 



Cycle Time 


10 


12 


15 


20 


30 


ns 


Operation (max.) 


260 


220 


200 


180 


150 


mA 



- Standby: 1mA (max.) 

• Single 3.3V power supply: 3.3V±0.3V 

• Fully static operation 

• Inputs and outputs LVTTL compatible 

• Output buffer control: OE 

• Data byte controls: LB, Db 

• Package 

- TC55V1664J: SOJ44-P-400 

- TC55V1 664FT: TSOP44-P-400 

Pin Names 



A0~A15 


Address Inputs 


1/01 - 1/016 


Data Inputs/Outputs 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


lb.Db 


Data Byte Control Inputs 


Vdd 


Power (+3.3V) 


GND 


Ground 


NC 


No Connection 


NU* 


Not Usable (Input) 



TC55V1664J 



A4 C 
A3 C 
A2 L 
A1 
AO C 
Ul 
1/01 
1/02 C 
1/03 C 
1/04 C 

GND C 
1/05 C 
1/06 [ 
1/07 C 
y08L 

WE C 
A15 C 
A14 C 
A13 C 
A12 C 

NC C 



Fo-- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



: A5 
: A6 
: A7 

: UB 
: LB 
: I/016 
: 1/015 
: 1/014 

3 1/013 
1 GND 

3 Vdd 
1 1/012 

: 1/011 
: I/0 1 

] 1/09 
1 NU 
] A8 

: A9 
: A10 

24 DAII 
23 □ NC 



(SOJ) 



TC55V1664FT 





o 






A4 cz: 


1 


44 


=1 A5 


A3 t= 


2 


43 


=3 A6 


A2 <= 


3 


42 


=3 A7 


A1 cz; 


4 


41 


=3 OE 


AO c=l 


5 


40 


=3 UB 


CE <=. 


6 


39 


=1 LB 


1/01 


7 


38 


=1 1/016 


1/02 c= 


8 


37 


=1 1/015 


1/03 1= 


9 


36 


=3 1/014 


1/04 c= 


10 


35 


=1 i/013 


Vdd^ 


1 1 


34 


=1 GND 


GND [= 


12 


33 


Vdd 


1/05 1= 


13 


32 


=1 1/012 


I/06 t= 


14 


31 


=1 1/011 


1/07 1= 


15 


30 


=1 I/0 10 


1/08 czz 


16 


29 


=1 1/09 


WE [= 


17 


28 


=3 NU 


A15 c=: 


18 


27 


P=i A8 


A14 en 


19 


26 


A9 


A13 czz 


20 


25 


=3 A10 


A12 


21 


24 


=3 Al 1 


NC c= 


22 


23 


=1 NC 



(TSOP) 



* The NU pin must be kept electronically open, pulled down to GND, or less 
than 0.8V. Applying a voltage greater than 0.8V to the NU pin is prohibited. 
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Static RAM 



Block Diagram 




Operating Mode 



^^^^^ PIN 
MODE ^^-^^^^ 


CE 


OE 


WE 


LB 


UB 


1/01 - 1/08 


1/09-1/016 


POWER 


Read 


L 


L 


H 


L 


L 


Output 


Output 


'ddo 


H 


L 


High Impedance 


Output 


'ddo 


L 


H 


Output 


High Impedance 


'ddo 


Write 


L 




L 


L 


L 


Input 


Input 


'ddo 


H 


L 


High Impedance 


Input 


'ddo 


L 


H 


Input 


High Impedance 


'ddo 


Output Disable 


L 


H 


H 






High Impedance 


High Impedance 


'ddo 


L 






H 


H 


High Impedance 


High Impedance 


'ddo 


Standby 


H 










High Impedance 


High Impedance 


'dds 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 4.6 


V 


V|N 


Input Voltage 


-0.5* ~ 4.6 


V 


V|/0 


Input/Output Voltage 


-0.5* ~ Vdd + 0-5** 


V 


Pd 


Power Dissipation 


1.2 


w 


TsOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


"•"STRG 


Storage Temperature 


-65- 150 


°C 


TOPR 


Operating Temperature 


-10-85 


°C 



*/** Not yet specified 

B-130 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY 



static RAM 



TC55V1 664J/FT-1 0/1 2/1 5 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


3.0 


3.3 


3.6 


V 


V,H 


Input High Voltage 


2.0 




Vdd + 0.3** 


V 


V|L 


Input Low Voltage 


-0.3* 




0.8 


V 



V** Not yet specified 



DC Characteristics (Ta = - TO^C, Vdq = 3.3V+0.3V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


'li 


Input Leakage Current (except NU Pin) 


V|N = ~ Vdd 






±1 


|xA 


'lo 


Output Leakage Current 


CE = V|H or We = V|L or OE = V|h 
Vqut = ~ Vdd 






±1 


^lA 


h(NU) 


Input Current (NU Pin) 


V,N = ~ 0.8V 


-1 


- 


20 


|xA 


V|N = ~ 0.2V 






±1 


VoH 


Output High Voltage 


loH = -2mA 


2.4 






V 


loH = -20nA 


Vdd - 0.2 






Vol 


Output Low Voltage 


Iql = 2mA 






0.4 


loL = 20nA 






0.2 


'ddo 


Operating Current 


CE = V|L, louT=OmA, 
Other Inputs = V|hA/|l 


tcycie= lOns 






260 


mA 


tcycle = ''2ns 






220 


tcycle= ISns 






200 


tcycle = 20ns 






180 


tcycle = 30ns 






150 


'ddsi 


Standby Current 


CE = V|H, 

Other Inputs = V|hA/|l 






20 


mA 


'dDS2 


CE = Vdd - 0.2V 

Other Inputs = Vdd - 0.2V or 0.2V 






1 



Capacitance* (Ta = 25°C, f = I.OIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


PF 


C|/0 


Input/Output Capacitance 


V|/o=GND 


8 


PF 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C^^^ Vqd = 3.3V±0.3V) 
Read Cycle 



SYMBOL 


PARAMETER 


TC55V1664J/FT-10 


TC55V1664J/FT -12 


TC55V1664J/FT-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


10 


- 


12 


- 


15 


- 






Address Access Time 


- 


1.0 


- 


12 


- 


15 






CE Access Time 


- 


10 


- 


12 


- 


15 




toE 


SE Access Time 


- 


5 


- 


6 


- 


8 




^BA 


UB, LB Access Time 




5 




6 




8 




tOH 


Output Data Hold Time from Address Change 


3 




3 




3 




ns 


bOE 


Output Enable Time from CE 


3 




3 




3 




tOEE 


Output Enable Time from OE 


1 




1 




1 






tBE 


Output Enable Time from DB, LB 


1 




1 




1 






bOD 


Output Disable Time from CE 




6 




7 




8 




tODO 


Output Disable Time from OE 




6 




7 




8 




tBD 


Output Disable Time from DB, LB 




6 




7 




8 




Write Cycle 


SYMBOL 


PARAMETER 


TC55V1664J/FT -10 


TC55V1664J/FT -12 


TC55V1664J/FT-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


10 




12 




15 






twp 


Write Pulse Width 


7 




8 




9 






tew 


Chip Enable to End of Write 


9 




10 




11 








DB, lb Enable to End of Write 


9 




10 




11 






*AW 


Address Valid to End of Write 


9 




10 




11 






^AS 


Address Setup Time 

















ns 




Write Recovery Time 



















bs 


Data Setup Time 


6 




7 




8 








Data Hold Time 



















toEW 


Output Enable Time from WE 


1 




1 




1 






toDW 


Output Disable Time from WE 




6 




7 




8 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



3.3V 



l/Opin 



Cl = 30pF 



X 



-i20on 



-91 on 



l/Opin 



T 



-12000 



:9ion 



(For tcoc. toK» tcoo. 



Figure 1. 
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Timing Waveforms 
Read Cycle 



ADDRESSES 




Dout 



Write Cycle 1 (WE Controlled) 



ADDRESSES 
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Write Cycle 2 (CE Controlled) 




Write Cycle 3 (UB, LB Controlled) 

twc 
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Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE. ^OEE' ^BE.bEW Output Enable Time 

(B) tcoD. toDO. ^BD. toDW • ■ ■ ■ Output Disable Time 




/ 




wE 



J 



(A) 



(B) 



0.2V 



DouT 



High 



=t A ( 

NT0 2V / \ 



OUTPUT DATA VALID 




0.2V 



High lmp»darK« 



UNKNOWN 



UNKNOWN ♦ 
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TOSHIBA 



TC55V1864J/Fr-10/12/15 



PRELIMINARY 



SILICON GATE CMOS 



65,536 WORD x 18 BIT CMOS STATIC RAM 



Description 

The TC55V1 864J/FT is a 1 ,1 79,648 bit high speed CMOS static random access memory organized as 65,536 words by 1 8 bits 
and operated from a single 3.3V supply Toshiba's advanced CMOS technology and circuit design enable high speed operation. 

The TC55yi 864J/FT features low power dissipation when the device is deselected using chip enable (C^, and has an output 
enable input (OE) for fast memory access. Byte access is supported by upper and lower byte controls. 

The TC55V1 864J/FT is suitable for use in high speed applications such as cache memory and high speed storage. All inputs and 
outputs are LVTTL compatible. 

The TC55V1 864J/FT is available in a 400mil width, 44-pin plastic SOJ and thin small outline package (fonA/ard type) suitable for 
high density surface assembly 



Features 

• Fast access time 

- TC55V1 864J/FT -1 1 0ns (max.) 

- TC55V1 864J/FT -1 2 1 2ns (max.) 

- TC55V1 864J/FT -1 5 1 5ns (max.) 

• Low power dissipation 



Cycle Time 


10 


12 


15 


20 


30 


ns 


Operation (max.) 


260 


220 


200 


180 


150 


mA 



- standby: 1mA (max.) 

• Single 3.3V power supply: 3.3V±0.3V 

• Fully static operation 

• Inputs and outputs LVTTL compatible 

• Output buffer control: OE 

• Data byte controls: LB, UB 

• Package 

- TC55V1864J: SOJ44-P-400 

- TC55V1864FT:TSOP44-P-400 

Pin Names 



AO ~ A15 


Address Inputs 


I/01 ~ 1/018 


Data Inputs/Outputs 


CE 


Chip Enable Input 


We 


Write Enable Input 


OE 


Output Enable Input 


lb.Db 


Data Byte Control Inputs 


Vdd 


Power (+3.3V) 


GND 


Ground 


NU* 


Not Usable (Input) 



* The NU pin must be kept electronically open, pulled down to GND, or 
less than 0.8V. Applying a voltage greater than 0.8V to the NU pin is 
prohibited. 



Pin Connection (Top View) 



TC55V1864J 



A4 C 
A3 C 
A2 C 
A1 C 
AO C 
CEC 
1/01 C 
1/02 C 
i/03 C 
1/04 C 

VddC 
GND C 
1/05 C 
1/06 C 
1/07 C 
1/08 C 
1/09 C 
WEC 
A15 [ 
A14 C 
A13 C 
A12 C 



PS= 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 



22 



44 :a5 
43 3A6 
42 DA7 
41 :Ue 
40 DUB 
39 ]LB 
38 ] 1/018 
37 3 1/017 
36 ] 1/016 
35 ] 1/015 
34 3 GND 
33 :VoD 
32 1 1/014 
31 3 1/013 
30 3 1/012 
29 3 1/011 
28 Dl/OlO 
27 DNU 
26 3 A8 
25 :a9 

24 DAIO 
23.b All 



(SOJ) 



TC55V1864FT 




(TSOP) 



A5 
A6 
A7 

H 
UB 
LB 

1/018 
1/017 
1/016 
1/015 
GND 

Vdd 

1/014 

1/013 

i/01 2 

1/011 

I/0 10 

NU 

A8 

A9 

A10 

All 
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Block Diagram 




Operating IVIode 



PIN 

IVIODE 


CE 


OE 


WE 


LB 


UB 


1/01 - 1/09 


1/010-1/018 


POWER 


Read 


L 


L 


H 


L 


L 


Output 


Output 


■ddo 


H 


L 


Higli Impedance 


Output 


'ddo 


L 


H 


Output 


High Impedance 


■ddo 


Write 


L 




L 


L 


L 


Input 


Input 


'ddo 


H 


L 


Higli Impedance 


Input 


'ddo 


L 


H 


Input 


High Impedance 


'ddo 


Output Disable 


L 


H 


H 






High Impedance 


High Impedance 


'ddo 


L 






H 


H 


High Impedance 


High Impedance 


'ddo 


Standby 


H 










High Impedance 


High Impedance 


'dds 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 4.6 


V 


V|N 


Input Voltage 


-0.5* ~ 4.6 


V 


Vi/o 


Input/Output Voltage 


-0.5* ~ Vdd + 0.5** 


V 


Pd 


Power Dissipation 


1.2 


w 


TSOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


TSTRG 


Storage Temperature 


-65 ~ 150 


°C 


TOPR 


Operating Temperature 


-10-85 


°C 



*/** Not yet specified 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


3.0 


3.3 


3.6 


V 


V|H 


Input High Voltage 


2.0 




Vdd + 0.3" 


V 


V|L 


Input Low Voltage 


-0.3* 




0.8 


V 



*/** Not yet specified 



DC Characteristics (Ta = ~ 70°C, Vqd = 3.3V+0.3V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


'li 


Input Leakage Current (except NU Pin) 


V|N = ~ Vdd 






±1 


HA 


'lo 


Output Leakage Current 


CE = V|H or We = V|L or OE = V|h 
VouT = ~ Vdd 






±1 


loA 




Input Current (NU Pin) 


V|N = ~ 0.8V 


-1 


- 


20 


HA 


V|N = ~ 0.2V 






+1 


VOH 


Output High Voltage 


loH = -2mA 


2.4 






V 


loH = -20^A 


Vdd - 0.2 






Vol 


Output Low Voltage 


Iql = 2mA 






0.4 


loL = 2.0\iA 






0.2 


'ddo 


Operating Current 


CE = V|L, louT=OmA, 
Other Inputs = V|h/V|l 


tcycie = 10ns 






260 


mA 


tcycle = ''2ns 






220 


tcycle = 1 5ns 






200 


tcycle = 20ns 






180 


tcycle = 30ns 






150 


'ddsi 


Standby Current 


CE = V,H, 

Other Inputs = V|hA/|l 






20 


mA 


'dDS2 


CE = Vdd - 0-2V 

Other Inputs = Vdd - 0.2V or 0.2V 






1 



Capacitance* (Ta = 25°C, f = I.OIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


PF 


C|/0 


Input/Output Capacitance 


V|/o = GND 


8 


PF 



*Tliis parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C^^\ Vdd = 3.3V±0.3V) 
Read Cycle 



SYMBOL 


PARAMETER 


TC55V1864J/FT -10 


TC55V1864J/FT-12 


TC55V1864J/FT-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tpc 


Read Cycle Time 


10 


- 


12 


- 


15 


- 




Ucc 


Address Access Time 


- 


10 


- 


12 


- 


15 




tco 


CE Access Time 


- 


10 


- 


12 


- 


15 




toE 


OE Access Time 


- 


5 


- 


6 


- 


8 




tsA 


UB, CS Access Time 




5 




6 




8 




toH 


Output Data Hold Time from Address Change 


3 




3 




3 




ns 


tcOE 


Output Enable Time from CE 


3 




3 




3 




toEE 


Output Enable Time from OE 


1 




1 




1 






tBE 


Output Enable Time from UB, LB 


1 




1 




1 






tcOD 


Output Disable Time from CE 




6 




7 




8 




toDO 


Output Disable Time from OE 




6 




7 




8 




^BD 


Output Disable Time from DB, LB 




6 




7 




8 




Write Cycle 


SYMBOL 


PARAMETER 


TC55V1864J/FT-10 


TC55V1864J/FT-12 


TC55V1864J/FT -15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


10 




12 




15 






twp 


Write Pulse Widtfi 


7 




8 




9 






tew 


Chip Enable to End of Write 


9 




10 




11 








DB, lb Enable to End of Write 


9 




10 




11 






*AW 


Address Valid to End of Write 


9 




10 




11 






tAS 


Address Setup Time 

















ns 




Write Recovery Time 





















Data Setup Time 


6 




7 




8 






^DH 


Data Hold Time 



















toEW 


Output Enable Time from WE 


1 




1 




1 






toDW 


Output Disable Time from WE 




6 




7 




8 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



l/Opin 



Cl = 30pF 



X 



i20on 



-91 on 



l/Opin 



3.3V 



T 
I 



-120Gn 



-91 on 



(For tcOE. *06E. tcoo. 



Figure 1 . 
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Timing Waveforms 
Read Cycle 



ADDRESSES 




Dout 



Write Cycle 1 (WE Controlled) 



ADDRESSES 




Of, LB 



Dout 
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Write Cycle 2 (CE Controlled) 




Write Cycle 3 (UB, LB Controlled) 
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Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per nninute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
rennain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE. toEE- ^BE. toEW Output Enable Time 

(B) tcoD. toDO. ^BD. bow ■ • • ■ Output Disable Time 



\ 






(A) 



(B) 



DouT 



High lmp«danc* 



/ *0.2V 



■\Ta2v 



UNKNOWN 




OUTPUT DATA VALID 
Mi ' 




UNKNOWN 




0.2V 



0.2V 

High lmp«danf 
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TC551402J-20/25/30 



4,194,304 WORD x 1 BIT/1,048,576 WORD x 4 BIT CMOS STATIC RAM 



20ns (max.) 
25ns (max.) 
30ns (max.) 



160mA (max.) 
160mA (max.) 
1 50mA (max.) 
1 0mA (max.) 



Pin Names 



AO ~ A21 


Address Inputs 


1/01 ~ I/04 


Data Inputs/Outputs 


D 


Data Input 


Q 


Data Output 


CE 


Chip Enable Input 


We 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 


B1/B4 


Bit Select (x1/x4) 




AO 
Al 
A2 
A3 
A4 
A5 
CE 

Vdd 
GND 
D 
WE 
A6 
A7 
A8 
A9 
A10 



Al [ 2 
A2[ 3 
A3C 4 
A4C 5 
CEC 6 
1/01 C 7 
VdqL 8 
GND[ 9 
1/02 [10 
WE[n 
A5[12 
A6C 13 
A7C14 
ABC 15 
ASQ^ 



32^ A19 
31 ] AlB 
30 ] A17 
29 ] A16 
28 ] A15 
27 ] OE 
26 ] I/04 
25 ] GND 
24 ] Voo 
23 ] 1/03 
22 ] A14 
21 ] A13 
20 ] A12 
19 ] All 
18 ] A10 
_np B1/B4 



Description 

The TC551402J is a 4,194,304 bit high speed CMOS static random access memory that is configurable to an organization of 
either 4,194,304 words by 1 bit or 1 ,048,576 words by 4 bits when power is initially applied to the device. The mode (x1/x4) is 
selected by the input level of pin 1 7 (B1/B4). The TC551402J operates from a single 5V supply. Toshiba's advanced CMOS tech- 
nology and circuit design enable high speed operation. 

The TC551402J features low power dissipation when the SRAM is deselected using chip enable (C^, and has an output 
enable input (OE) for fast memory access. It is suitable for use in high speed applications such as cache memory, high speed stor- 
age, and main memory. All inputs and outputs are TTL compatible. 

The TC551402J is available in a 32-pin, 400mil SOJ package suitable for high density assembly. 

Features Pin Connection (Top View) 

• Fast access time 

- TC551402J-20 

- TC551402J-25 

- TC551402J-30 

• Low power dissipation 

- Operation: 

- TC551402J-20 

- TC551402J-25 

- TC551402J-30 

- Standby: 

• Fully static operation 

• Single power supply: 5V±10% 

• Output buffer control: OE 

• Inputs and outputs TTL compatible 

• Separate data I/O (x1 mode) 

• Common data I/O (x4 mode) 

• Package 

- TC551402J: SOJ32-P-400A 



A21 
A20 
A19 
A18 
A17 
A1_6 
OE 
GND 

Vdd 
Q 

A15 
A14 
A13 
A12 
Al 1 
B1/B4 



(SOJ) 
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Block Diagram 



A9 o- 



X IMODE : D o 



X4M0DE ; 1/01 o 



ROW 

ADDRESS 

BUFFER 




ROW 
DECODER 










1^ . 



MEMORY CELL 
ARRAY 

1024X 1024x4 
(4,194,304) 










rni iiMN I/O 




CIRCUIT 




COLUMN 
DECODER 








COLUMN 
ADDRESS BUFFER 




Vdd 
GND 




AlO: X IMODE 
AID: X4M0DE 



Operating l\^ode 

The memory organization of the TC551 402J can be selected to be either 4M_ words by 1 bit or 1 M word by 4 bits. The configu- 
ration must be selected when power is initially applied to the device using pin 1 7 (B1/B4). Changing the state of this pirijs prohibited after 
power up. The 4M word by 1 bit mode is selected if B1/B4 is high, the 1 M word by 4 bit mode is selected if 81 /B4 is low. 



MODE 


B1/B4 


CE 


OE 


WE 


I/O 


POWER 


x1 

MODE 


Read 


H 


L 


L 


H 


Dqut 


'ddo 


Write 


H 


L 




L 


D|N 


'ddo 


Output 
Disabled 


H 


L 


H 


H 


High-Z 


'ddo 


Standby 


H 


H 






High-Z 


'dds 


x4 

MODE 


Read 


L 


L 


L 


H 


Dqut 


'ddo 


Write 


L 


L 




L 


D|N 


'ddo 


Output 
Disabled 


L 


L 


H 


H 


High-Z 


'ddo 


Standby 


L 


H 






High-Z 


'dds 



'HorL 
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Maximum Ratings 



cvMoni 
otIVIdUL 


ITEM 

ITbM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0* ~ 7.0 


V 


V|/0 


Input/Output Voltage 


-0.5* ~ Vdd + 0-5 


V 


Vqut 


Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 


"•"solder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


"TSTRG 


Storage Temperature 


-65 ~ 150 


°C 


Tqpr 


Operating Temperature 


-10-85 


°C 



* -3V with pulse width of 1 0ns 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



* -3V with pulse width of 10ns 



DC Characteristics (Ta = ~ TOPC, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|N = 0~Vdd 






+10 




Ilo 


Output Leakage Current 


CE = V|H or WE = V,L or OE = V|h, 
VouT = - Vdd 






±10 


ma 


'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


loL 


Output Low Current 


Vol = 0.4V 


8 






mA 


'ddo 


Operating Current 


tcyde = "^i" f^ycle. CE = V|L 

louT = mA 

Other Inputs = V|hA/|l 


-20 






160 


mA 


-25 






160 


-30 






150 


'ddsi 


Standby Current 


CE = V|H, Other Inputs = V|hA/|l 






30 


mA 


'dDS2 


CE = Vdd - 0.2V 

Other Inputs = Vqd -0.2V or 0.2V 






10 


mA 



Capacitance* (Ta = 25°C, f = 1.0MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


8 


PF 


C|/0> CoUT 


I/O, Output Capacitance 


VouT = GND 


8 





'This paranneter is periodically sampled and is not 1 00% tested. 
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AC Characteristics fTa = ~ 70°C Vqd = 5V+10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC551402J-20 


TC551402J-25 


TC551402J-30 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Read Cycle Time 


20 




25 




30 








Address Access Time 




20 




25 




30 






Ciiip Enable Access Time 




20 




25 




30 




tOE 


Output Enable Access Time 




10 




12 




14 




tcOE 


Output Enable Time from CE 


5 




5 




5 






*COD 


Output Disable Time from CE 




10 




10 




10 


ns 


*OEE 


Output Enable Time from OE 


1 




1 




1 






*ODO 


Output Disable Time From OE 




8 




10 




12 




^OH 


Output Data Hold Time from Address Change 


5 




5 




5 






tpu 


Chip Selection to Power Up Time 





















Chip Deselection to Power Down Time 




20 




25 




30 




Write Cycle 


SYMBOL 


PARAMETER 


TC551402J-20 


TC551402J-25 


TC551402J-30 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


20 




25 




30 






twp 


Write Pulse Width 


11 




13 




15 








Address Valid to End of Write 


17 




20 




23 






tew 


Chip Enable to End of Write 


17 




20 




23 






tAS 


Address Setup Time 

















ns 




Write Recovery Time 



















Data Setup Time 


10 




12 




14 








Data Hold Time 



















toEW 


Output Enable Time from WE 


1 




1 




1 






^ODW 


Output Disable Time from WE 




8 




10 




12 





AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



DouT- l/Opin 

X 



30pF 



1 



•255n 



DouT • 1/Opin 

r 



CL=5pF 



I 



255n 



(For tcoE. k)EE. tcoo. tooo. 



Figure 1. 



B-148 



TOSHIBA AMERICA ELECTRONIC COMPONEIMTB, INC. 



static RAM 



TC551402J-20/25/30 



Timing Waveforms 
Read Cycle 



tRC 




Write Cycle 1 (WE Controlled Write) 



twc 
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Write Cycle 2 (CE Controlled Write) 



Static RAM 



ADDRESSES 



WE 




twc 



tew 



tWP 



y 



tWR 



>C 



HIGH IMPEDANCE 



tDS 



DATA STABLE 



Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs remain in a 
high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs remain 
in a high impedance state. 

5. If OE is high during a write cycle, the outputs will be in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE> bEE. ^OEW ■ ■ • • Output Enable Time 

(B) tcoD' boO' toDW ■ • ■ ■ Output Disable Time 



CE, OE 



WE 



Q. 




UNKNOWN 







- 0.2V 


X . 




' High Impedance 





UNKNOWN f 0.2V 
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PRELIMINARY 

SILICON GATE CMOS 

1,048,576 WORD x 4 BIT SEPARATE I/O CMOS STATIC RAM 

Description 

The TC554101J is a 4,194,304 bit higli speed CMOS static random access memory organized as 1 ,048,576 words by 4 bits and 
operated from a single 5V supply. Toshiba's advanced CMOS technology and circuit design enable high speed operation. 

The TC5541 01 J features low power dissipation when the device is deselected using chip enable (C^, and has an output 
enable input (OE) for fast memory access. 

The TC5541 01 J is suitable for use in applications where high speed is required such as cache memory, high speed storage, and 
main memory. All inputs and outputs are TTL compatible. 

The TC554101J is available in a 400mil width, 36-pin SOJ suitable for high density surface assembly 



Features 

• Fast access time 

- TC554101J -20 20ns (max.) 

- TC5541 01 J -25 25ns (max.) 

- TC554101J -30 30ns (max.) 

• Low power dissipation 

- TC5541 01 J -20 1 60mA (max.) 

- TC5541 01J -25 1 60mA (max.) 

- TC5541 01 J -30 1 50mA (max.) 

- Standby: 10mA (max.) 

• Single 5V power supply: 5V±1 0% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Separate inputs and outputs 

• Output buffer control: OE 

• Package: 

- TC554101J: SOJ36-P-400 

Pin Names 



A0~A19 


Address Inputs 


D1 ~ D4 


Data Inputs 


Q1 ~ Q4 


Data Outputs 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 


TF* 


Test Function 



Pin Connection (Top View) 



TC554101J 




(SOJ) 



* The TF pin is low for normal operation. 
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Static RAM 



Block Diagram 




WE 



OE o 



MEMORY CELL 

ARRAY 
1024X 1024x4 
(4,194,304) 



COLUMN I/O 
CIRCUIT 



COLUMN 
DECODER 



COLUMN 
ADDRESS BUFFER 

ITTITTTTn 

A19 \ ^ AID 



Vdo 
GND 




Operating IVIode 



PIN 

MODE 


CE 


OE 


WE 


I/O 


POWER 


Read 


L 


L 


H 




'ddo 


Write 


L 




L 


D|N 


boo 


Output Disable 


L 


H 


H 


High-Z 


boo 


Standby 


H 






High-Z 


'dds 



*H orL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0* ~ 7.0 


V 


VqUT 


Output Voltage 


-0.5* ~ Vdd + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


"•"STRG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-10-85 


°C 



*-3V with a pulse width of 1 0ns 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5* 




0.8 


V 



*-3V with a pulse width of 1 0ns 



DC Cliaracteristics (Ta = ~ 70°C, Wqq = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


ViN = ~ Vdd 






±10 


HA 


Ilo 


Output Leakage Current 


CE = V|H or We = V|L or OE = V|h 
Vqut = ~ Vdd 






±10 


HA 


'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


loL 


Output Low Current 


Vol = 0.4V 


8 






'ddo 


Operating Current 


tg^ie = Min cycle, 
CE = V|L, Iqut = OiT^A, 
Other Inputs = V|hA/|l 


-20 






160 


mA 


-25 






160 


-30 






150 


'ddsi 


Standby Current 


CE = V,H, 

Other Inputs = V|hA/|l 






30 


mA 


'dDS2 


CE = Vdd - 0.2V 

Other Inputs = Vdd - 0-2V or 0.2V 






10 



Capacitance* (Ta = 25°C, f = I.OIVIHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 




Input Capacitance 


V|N = GND 


6 


PF 


Cqut 


Output Capacitance 


VouT=GND 


8 


PF 



*This parameter is periodically sampled and is not 100% tested. 
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Static RAM 



AC Characteristics (Ta = - 70°C(^>, Vdd = 5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC554101J -20 


TC554101J-25 


TC554101J -30 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tpc 


Read Cycle Time 


20 




25 




30 






Ucc 


Address Access Time 




20 




25 


_ 


30 




tco 


Chip Enable Access Time 




20 




25 


_ 


30 




toE 


Output Enable Access Time 




10 




12 




14 




tcOE 


Output Enable Time from CE 


5 




5 




5 






tcOD 


Output Disable Time from CE 




10 




10 




10 


ns 


tOEE 


Output Enable Time from OE 


1 




1 




1 






*0D0 


Output Disable Time from UE 




8 




10 




10 




tOH 


Output Data Hold Time from Address Change 


5 




5 




5 






*PU 


Chip Selection to Power Up Time 



















tpD 


Chip Deselection to Power Down Time 




20 




25 




30 




Write Cycle 


SYMBOL 


PARAMETER 


TC554101J-20 


TC554101J-25 


TC554101J -30 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Write Cycle Time 


20 




25 




30 






twp 


Write Pulse Width 


11 




13 




15 






*AW 


Address Valid to End of Write 


17 




20 




23 






tew 


Chip Enable to End of Write 


17 




20 




23 






tAS 


Address Setup Time 

















ns 


twR 


Write Recovery Time 

















bEW 


Output Enable Time from WE 


1 




1 




1 






tODW 


Output Disable Time from WE 




8 




10 




12 






Data Setup Time 


10 




12 




14 








Data Hold Time 



















Test IVIode 


SYMBOL 


PARAMETER 


TC554101J -20 


TC5541G1J-25 


TC554101J -30 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tswE 


WE Setup Time to TF 


20 




25 




30 






^HWE 


We Hold Time from TF 


20 




25 




30 






tsCE 


CE Setup Time to TF 


20 




25 




30 




ns 


^HCE 


CE Hold Time from TF 


20 




25 




30 




*SADD 


Address Setup Time to TF 


20 




25 




30 






*HADD 


Address Hold Time to TF 


20 




25 




30 







AC Test Conditions 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



DouT' l/Opin 

T 



30pF 



J 



DouT' l/Opin 

r 



CL=5pF 



(For tcOE. toEE. tcOO. tOOO. 
tOEW.toDw) 
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Timing Waveforms 
Read Cycle <2) 



ADDRESSES 



tRC 




Write Cycle 1 (WE Controlled Write) 



twc 




Write Cycle 2 (CE Controlled Write) 



ADDRESSES 




twc 



tew 



tWP 



Y 



HIGH IMPEDANCE 



tDS 



tWR 



tPH 



DATA STABLE 
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Static RAM 



Notes: 



1 . The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 iinear feet per minute. 

2. WE is high for read cycles. 

3. If the CE low transition occurs coincident with or after the WE low transition, outputs 
remain in a high impedance state. 

4. If the CE high transition occurs coincident with or prior to the WE high transition, outputs 
remain in a high impedance state. 

5. If OE is high during a write cycle, the outputs are in a high impedance state during this period. 

6. The following parameters are measured using the load shown in Fig. 1 . 

(A) tcoE- k)EE' toEW • ■ ■ ■ Output Enable Time 

(B) tcoD. toDO> bow Output Disable Time 



\ 



/ 



WE 



/ 



\ 



(A) 



(B) 




0.2V 



Q 



High Impedance 



0.2V 



0.2V 



OUTPUT DATA VALID 




1 



High Impedance 



UNKNOWN 



UNKNOWN I 0.2V 
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Test Mode 

Although the TC554101J appears to be organized as 1 ,048,576 words by 4 bits, it is internally organized as 524,288 words 
by 8 bits. 

In the "Test Mode", data is written into the 8-51 2K blocks in parallel and then retrieved. Address line A1 9 is not used. Upon 
reading, if the two bits associated with the I/O pin are equal (all "1 "s or "0"s), the output pin indicates a "1 ". If they are not equal, 
the output pin would indicate a "0". Fig. 3 show the block diagram of the TC5541 01 J, The "Test Mode" enables the 1 M word 
nnemory to be tested as if it were only a 51 2K word memory. The "Test Mode" function can be performed in any timing cycle when 
the "TF" pin is held at V|h (see Figure 2). Normal functioning requires that the "TF" pin be connected to V|l. 



Normal Mode 



TF 



WE 



ADDRESS 



Set 



tHWE 



tHCE 



tHADD 



Test Mode 



>CZ=)( 



^SADD 



Reset Normal Mode 



tHWE 



tHCE 



tHADD 



OE = \/|H or V|L 



Figure 2. Test Mode Cycle 
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Figure 3. Block Diagram in Test iMode 
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High Speed Synchronous Static RAM 



Density Organization Pacltage Speed (ns) Features Page 

TC55BS4258 1M 256Kx4 J 10, 12 Synchronous 100MHz... C-1 

TC55BS8125 1M 128Kx8 J 10, 12 Synchronous 100MHz.. .C-7 

TC55BS8128 1M 128Kx8 J 10, 12 Synchronous 100MHz.. .C-1 3 



Package: J 



= SOJ 



TOSHIBA 



TC55BS4258J-10/12 

PRELIMINARY 

262,144 WORD x 4 BIT SYNCHRONOUS STATIC RAM 

with Input Registers, Output Registers and Pass-Through Feature 

Description 

The TC55BS4258J is a 1 ,048,576 bit synchronous static random access memory fabricated using BiCiVlOS technology and 
organized as 262,1 44 words by 4 bits. The TC55BS4258J has separate data inputs and outputs and a write-cycle pass-through 
feature. 

Designed for pipelined architectures, this device has internal input and output registers which latch on the positive edge 
of an external clock (CLK). All address, data, and control signals are latched. The setup and hold times for the inputs are 2ns 
and 1 ns respectively. Synchronous SRAMs can lead to faster, more robust system operation by virtually eliminating the timing 
skew problems associated with conventional asynchronous SRAMs. For example, write operations are internally self-timed 
when initiated - eliminating the need for accurate write pulse generation and timing by the memory controller or microproces- 
sor. A pass-through feature during write cycles allows the outputs to follow the inputs with a one clock cycle delay. For read 
cycles, data is available one clock cycle after the address is latched. All inputs and outputs are TTL compatible. 

The TC55BS4258J is available in a 36-pin, 400mil SOJ package suitable for high density assembly. 



Features 

• Fast cycle time 

- TC55BS4258J-10 10ns (max.) 

- TC55BS4258J-12 12ns (max.) 

• Fast clock access time 

- TC55BS4258J-10 5ns (max.) 

- TC55BS4258J-12 6ns (max.) 

• Input and output registers for synchronous operation 

• Data pass-through for write cycles 

• Single power supply: 5V ± 1 0% 

• Separate data inputs and outputs 

• Package: JEDEC standard pinout 

- 36-pin, 400mil SOJ: SOJ36-P-400 

Pin Names 



Pin Connection (Top View) 
TC55BS4258J 



AO ~ A17 


Address Inputs 


D0~D3 


Data Inputs 


Q0~Q3 


Data Outputs 


CLK 


Clock Input 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 



NC[ 


T— 


36 


3 A4 


A3C 


2 


35 


3 A5 


A2[ 


3 


34 


] A6 


Al[ 


4 


33 


] A7 


A0[ 


5 


32 


] A8 




6 


31 




DOC 


7 


30 


] D3 


Q0[ 


8 


29 


]Q3 


VddC 


9 


28 


]GND 


gndC 


10 


27 


]Vdd 


Qi[ 


11 


26 


]Q2 


Die 


12 


25 


3 D2 


weC 


13 


24 


3 CLK 


A17C 


14 


23 


3 A9 


A16C 


15 


22 


3 A10 


A15C 


16 


21 


3 All 


A14C 


17 


20 


3 A12 


NCC 


[l8 


19 


3 A13 



(SOJ) 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



C-1 



TC55BS4258J-10/12 



Static RAM 



Block Diagram 
A0-A17 



ADDRESS 
REGISTERS 



D0~D3o— > 



DATA 
REGISTERS 



CLKO— > 



CHIP 
ENABLE 
REGISTER 



WRITE 
ENABLE 
REGISTER 



CLOCK 
INPUT 



OUTPUT 
ENABLE 
REGISTER 



ROW 
DECODER 



SELF -TIMED 
WRITE LOGIC 



PASS -THRU 
ENABLE 



MEMORY CELL 
ARRAY 
2S6KX4 
(1.048,576) 



Vdd 

GND 











COLUMN 






I/O CIRCUIT 






COLUMN 






DECODER 






Operating Mode 



MODE 


WE 


CE 


OE (next Cycle) 


D 


Q (next Cycle) 


Write, Pass-Through 


L 


L 


L 


Valid 


Dqut 


Write 


L 


L 


H 


Valid 


High - Z 


Pass-Through 


L 


H 


L 


Valid 


Dqut 


Standby 


L 


H 


H 




High - Z 


Read 


H 


L 


L 




Dqut 


Output Disable 


H 


L 


H 




High-Z 


Standby 


H 


H 






High - Z 



HorL 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


Vqut 


Output Voltage 


-0.5 ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1300 


mW 


^SOLDER 


Soldering Temperature • Time 


260*10 


°C • sec 


"•"STRG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-10-85 


°C 
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DC Recommended Operating Conditions 



SYMBOL 


PARAIVIETER 


IVIIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIM 


TYP. 


MAX. 


IIMIT 
UNI 1 


'li 


Input Leakage Current 


V|N = ~ Vdd 






±10 


HA 


Ilo 


Output Leakage Current 


CE = ViHor WE = V,LorSE 
Vqut = ~ Vdd 


= V|H. 






±10 


iiA 


'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


'OL 


Output Low Current 


Vol = 0.4V 


8 






mA 




Operating Current 


tcycie = Min cycle, CE = V|l 


-10 






200 


mA 


'ddo 


Iqut = mA 

Other Inputs = V|hA/|l 


-12 






190 


Capacitance* (Ta = 25°C, f = LOIVIHz) 
















SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 








Input Capacitance 


V|N = GND 


6 


PF 






CcLK 


Clock Input Capacitance 


VcLK = GND 


8 


PF 






CouT 


Output Capacitance 


VouT = GND 


8 


pF 







* This parameter is periodicaiiy sampied and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C Vqd = 5V±10%) 



SYIMBOL 


PARAMETER 


TC55BS4258J-10 


TC55BS4258J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 




Cycle Time 


10 




12 






tCHH 


Clock Pulse High Width 


3 




3 






tCLL 


Clock Pulse Low Width 


3 




3 






Us 


Address Setup Time 


2 




2 








Data Input Setup Time 


2 




2 






tES 


Chip Enable Input Setup Time 


2 




2 






tws 


Write Enable Input Setup Time 


2 




2 






tes 


Output Enable Input Setup Time 


2 




2 




ns 


*AH 


Address Hold Time 










tOH 


Data Input Hold Time 












tEH 


Chip Enable Input Hold Time 












tWH 


Write Enable Input Hold Time 












*GH 


Output Enable input Hold Time 












UCK 


Clock Access Time 




5 




6 




tECL(2) 


Output EnableTime from Clock 




5 




6 




tDCL(2) 


Output DisableTime from Clock 




5 




6 





(1) : The operating temperature (Ta) is guaranteed with transverse air flow exceeding 500 iinear feet per minute. 

(2) : Transition is measured +200mV from steady voltage with the loading in Fig. 1 . 



AC Test Conditions 



Input Pulse Levels 


3.0/O.OV 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig. 1 



DoUT 



z=5on 



l/Opin 



RL=50n CL = 5pF =i= ^255n 

1.5V (for tea. toct) 

Figure 1 . 



T 
I 



5V 



>480n 
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Timing Waveforms 
Read Cycle 1 (OE = V,l) 



Standby 



CLK 



ADDRESS 



1 \_r~^s / 



mm 



Q Qn-2 



tAS 


tAH 






( 


n )^ 


tES 


tEH 




\ 


tws 


tWH 



An 




tACK 



Qn-1 



Read 
tCY 



Read 



Read 



+ 1 




tDCL 



\ High-Z 



\ 1 — V 



tEH 



tECL 



tACK 



Qn+1 



+ 2 



Read Cycle 2 (CE = V, J 



CLK 



Read 



Output Disable 
tCY 



Read 



Read 



ADDRESS 
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Write and Pass-Through IVIode 

Write 



CLK 



ADDRESS 



tES 



tEH 



WE 



C5E 



tws 



tWH 




J ^ 



Write and 
Pass - Through 

ISl 



Write and 
Pass - Through 



Pass - Through 



/ \ 



tES 



/ 7 



I V 



tEH 



L 



tGS 



tGH 



tGS 



tGH 



L 



! ^ 



L 




Q Qn-2 



tACK 
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TC55BS8125J-10/12 



PRELIMINARY 

131,072 WORD X 8 BIT SYNCHRONOUS STATIC RAM 

with Input Registers and Output Registers 

Description 

The TC55BS81 25J is a 1 ,048,576 bit synchronous static random access memory fabricated using BiCMOS technology and 
organized as 1 31 ,072 words by 8 bits. The TC55BS81 25J is similar to the TC55BS81 28J but has common data I/O lines and 
does not have the write-cycle pass-through feature. 

Designed for pipelined architectures, this device has internal input and output registers which latch on the positive edge of an 
external clock (CLK). All address, data, and control signals are latched. The setup and hold times for the inputs are 2ns and 1 ns 
respectively. Synchronous SRAMs can lead to faster, more robust system operation by virtually eliminating the timing skew 
problems associated with conventional asynchronous SRAMs. For example, write operations are internally self-timed when 
initiated - eliminating the need for accurate write pulse generation and timing by the memory controller or microprocessor. For 
read cycles, data is available one clock cycle after the address is latched. All inputs and outputs are TTL compatible. 

The TC55BS81 25J is available in a 36-pin, 400mil SOJ package suitable for high density assembly 



Features 

• Fast cycle time 

- TC55BS8125J-10 10ns (max.) 

- TC55BS8125J-12 12ns (max.) 

• Fast clock access time 

- TC55BS8125J-10 5ns (max.) 

- TC55BS8125J-12 6ns (max.) 

• Input and output registers for synchronous operation 

• Single power supply: 5V±10% 

• Common data I/O 

• Package: JEDEC standard pinout 

- 36-pin, 400mil SOJ: SOJ36-P-400 

Pin Names 



AO ~A16 


Address Inputs 


1/01 ~ I/08 


Data Input and Output 


CLK 


Clock Input 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 



Pin Connection (Top View) 
TC55BS8125J 

Ncrfl 
A3C 2 
A2C 3 
A1 [ 4 
AOC 5 
CEC 6 
1/01 C 7 
1/02 C 8 

VddC 9 
GND[ 10 
I/03C 11 
1 /04 [ 12 
WE[ 13 
A16[ 14 
A15C 15 
A14C 16 



(SOJ) 
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Static RAM 



Block Diagram 



A0~A16o- 



AODRESS 
REGISTERS 



ROW 
DECODER 



1/01 o 



Ceo f 



CHIP ENABLE 
REGISTER 



wEo— ► 



WRITE ENABLE 
REGISTER 



CLKo- 



OEo- 



CLOCK 
INPUT 



OUTPUT 
ENABLE 
REGISTER 



MEMORY CELL 
ARRAY 
128Kx8 
(1.048,576) 



SELP- TIMED 
WRITE LOGIC 



Vdd 

GND 




Operating IVIode 



MODE 


CE 


WE 


OE (next Cycle) 


D 


Q (next Cycle) 


Write 


L 


L 




D|N 


High - Z 


Read 


L 


H 


L , 




Dqut 


Output Disable 


L 


H 


H 




High - Z 


Standby 


H 








High - Z 



* H or L, -Not applicable 
Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


V|/0 


Input/Output Voltage 


-0.5 ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1500 


mW 


TSOLDER 


Soldering Temperature • Time 


260*10 


°C • sec 


TSTRG 


Storage Temperature 


-65 ~ 150 


°C 


"•"OPR 


Operating Temperature 


-10-85 


°c 
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TC55BS8125J-10/12 



Static RAM 



DC Recommended Operating Conditions 



SYIVIBOL 


PARAMETER 


iVIIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


VlL 


Input Low Voltage 


-0.5 




0.8 


V 



DC Characteristics (Ta = ~ 70"C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|n = 0~Vdd 






±10 


HA 


'lo 


Output Leakage Current 


CE = V|H or WE = V|L or OE 
Vqut = ~ Vdd 


= V|H, 






±10 


liA 


'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


lOL 


Output Low Current 


Vol = 0.4V 


8 






mA 




Operating Current 


tcycie = Min Cycle, CE = V|l 


-10 






230 


mA 


'ddo 


Iqut = mA 

Other Inputs = V|h/V|l 


-12 






220 


Capacitance* (Ta = 25°C, f = 1.0MHz) 














SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 








Input Capacitance 


V|N = GND 


6 


PF 






CcLK 


Clock Input Capacitance 


VcLK = GND 


8 


PF 






C|/0 


I/O Capacitance 


V,/o = GND 


8 


pF 







* This parameter is periodically sampled and is not 100% tested. 
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Static RAM 



AC Characteristics (Ta = ~ 70°C Vqd = 5V±10%) 



SYIVIBOL 


PARAIMETER 


TC55BS8125J-10 


TC55BS8125J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 




Cycle Time 


10 




12 






tcHH 


Clock Pulse High Width 


3 


_ 


3 


_ 




tCLL 


Clock Pulse Low Width 


3 




3 






Us 


Address Setup Time 


2 


_ 


2 


_ 






Data Input Setup Time 


2 




2 






tES 


Chip Enable Input Setup Time 


2 




2 


_ 






Write Enable Input Setup Time 


2 




2 






^GS 


Output Enable Input Setup Time 


2 




2 






Uh 


Address Hold Time 










ns 


^DH 


Data Input Hold Time 




_ 




_ 




tEH 


Chip Enable Input Hold Time 












twH 


Write Enable Input Hold Time 












^GH 


Output Enable Input Hold Time 












^ACK 


Clock Access Time 




5 




6 




tECL(2) 


Output EnableTime from Clock 




5 




6 




tDCL(2) 


Output DisableTime from Clock 




5 




6 





(1) : The operating temperature (Ta) is guaranteed with transverse air flow exceeding 500 iinear feet per minute. 

(2) : Transition is measured ±200mV from steady voltage with the loading in Fig.1 . 



AC Test Conditions 



Input Pulse Levels 


3.0/O.OV 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig.1 



l/Opin Z = 50n 



l/Opin 



:RL = 50n CL = 5pF =t= ^2550 
IV (For tECL, toci) 



T 
I 



'480n 



Figure 1 . 
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TC55BS8125J-10/12 



Static RAM 



Timing Waveforms 
Read Cycle 1 (OE = V,l) 



Standby 



CLK 



ADDRESS 




tES 



WE 



tws 



1/0 Qn-2 



tEH 



tWH 



tACK 



jjC 



Qn-1 



Read 



Read 



Read 



L 



tDCL 



> High-Z 





+ 2 * 


tES 


tEH 











1 



V 

tECL 



7 



tACK 



Qn+1 



L 



V 



+ 2 



Read Cycle 2 (CE = V,l) 



Read 



CLK 



tAS 



tws 



WE ' 



tGS 



1/0 Qn-2 



tAH 



tWH 



7 



tGH 



tGS 



tACK 



Qn-1 



Output Disable 
tCY 



Read 



Read 



tCHH 



tGH 



tDCL 



High-Z 




tECL 



tACK 



Qn + 1 



V 



L 



♦ 2 
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Static RAM 



Write Cycle 



CLK 



ADDRESS 




we 



tws 



Km 



ten 



tWH 



L 




Read and Write Cycle 

Read 



CLK 



ADDRESS ^ /» 



Stand by Stand by Write* Read and 

Output 
Disable 



Read 




5 )^^^^n+6 



* A minimum of two standby cycles must 
separate a write cycle which follows a 
read cycle. 
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TC55BS8128J-10/12 

PRELIMINARY 

131,072 WORD X 8 BIT SYNCHRONOUS STATIC RAM 

with Input Registers, Output Registers and Pass-Through Feature 

Description 

The TC55BS81 28J is a 1 ,048,576 bit synchronous static random access memory fabricated using BiCMOS technology and 
organized as 1 31 ,072 words by 8 bits. The TC55BS81 28J is similar to the TC55BS81 25J but has separate data inputs and 
outputs and a write-cycle pass-through feature. 

Designed for pipelined architectures, this device has internal input and output registers which latch on the positive edge of an 
external clock (CLK). All address, data, and control signals are latched. The setup and hold times for the inputs are 2ns and 1ns 
respectively. Synchronous SRAMs can lead to faster, more robust system operation by virtually eliminating the timing skew 
problems associated with conventional asynchronous SRAMs. For example, write operations are internally self-timed when 
initiated - eliminating the need for accurate write pulse generation and timing by the memory controller or microprocessor. A 
pass-through feature during write cycles allows the outputs to follow the inputs with a one clock cycle delay. For read cycles, data 
is available one clock cycle after the address is latched. All inputs and outputs are TTL compatible. 

The TC55BS81 28J is available in a 40-pin, 400mil SOJ package suitable for high density assembly 



Features 

• Fast cycle time 

- TC55BS8128J-10 10ns (max.) 

- TC55BS8128J-12 12ns (max.) 

• Fast clock access time 

- TC55BS8128J-10 5ns (max.) 

- TC55BS8128J-12 6ns (max.) 

• Input and output registers for synchronous operation 

• Data pass-through for write cycles 

• Single power supply: 5V±10% 

• Separate data inputs and outputs 

• Package: JEDEC standard pinout 

- 40-pin, 400mil SOJ: SOJ40-P-400 

Pin Names 



Pin Connection (Top View) 
TC55BS8128J 



AO ~ A16 


Address Inputs 


DO - D7 


Data Inputs 


Q0~Q7 


Data Outputs 


CLK 


Clock Input 


CE 


Chip Enable Input 


We 


Write Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 




(SOJ) 
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Static RAM 



Block Diagram 



A0~A16o— > 



ADDRESS 
REGISTERS 



D0~D7 



DATA 
REGISTERS 



CLKo-> 



CHIP 
ENABLE 
REGISTER 



WRITE 
ENABLE 
REGISTER 



CLOCK 
INPUT 



ROW 
DECODER 



MEMORY CELL 
ARRAY 
128Kx8 
(1.048,576) 



Vdd 
GND 



t 




COLUMN 




I/O CIRCUIT 




COLUMN 




DECODER 





SELF -TIMED 
WRITE LOGIC 



PASS -THRU 
ENABLE 




Operating IVIode 



MODE 


WE 


CE 


D 


Q (next Cycle) 


Write, Pass-Through 


L 


L 


Valid 


Dqut 


Pass-Through 


L 


H 


Valid 


Dour 


Read 


H 


L 




Dqut 


Standby 


H 


H 




High - Z 



HorL 



IVIaximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


Vqut 


Output Voltage 


-0.5 ~ Vdd + 0-5 


V 


Pd 


Power Dissipation 


1500 


mW 


TSOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 


"•"STRG 


Storage Temperature 


-65 ~ 150 


°C 


TOPR 


Operating Temperature 


-10-85 


°C 



C-14 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



PRELIIVIINARY 



TC55BS8128J-10/12 



Static RAM 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Leakage Current 


V|N = - Vdd 






1 1 u 


HA 


Ilo 


Output Leakage Current 


CE = V|H orWE = V|L, 
Vout = 0~Vdd 






±10 




'oh 


Output High Current 


VoH = 2.4V 


-4 






mA 


"OL 


Output Low Current 


Vol = 0.4V 


8 






mA 






tcycie = Min cycle, CE = V,l 


-10 






230 




'ddo 


Operating Current 


Iqut = mA 

Other Inputs = V|hA/,l 


-12 






220 


mA 


Capacitance* (Ta = 25'*C, f = I.OIVIHz) 














SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 








Input Capacitance 


V|N = GND 


6 


PF 






CcLK 


Clock Input Capacitance 


VcLK = GND 


8 


PF 






CoUT 


Output Capacitance 


VouT = GND 


8 


pF 







* This parameter is periodically sampled and is not 100% tested. 
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Static RAM 



AC Characteristics (Ta = ~ 70°C Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


TC55BS8128J-10 


TC55BS8128J-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


♦CY 


Cycle Time 


10 




12 






tCHH 


Clock Pulse High Width 


3 




3 






tCLL 


Clock Pulse Low Width 


3 




3 






tAS 


Address Setup Time 


2 




2 






bs 


Data Input Setup Time 


2 




2 






tES 


Chip Enable Input Setup Time 


2 




2 








Write Enable Input Setup Time 


2 




2 




ns 




Address Hold Time 












Data Input Hold Time 












tEH 


Chip Enable Input Hold Time 












twH 


Write Enable Input Hold Time 












^ACK 


Clock Access Time 




5 




6 




tECL(2) 


Output EnableTime from Clock 




5 




6 




tDCL(2) 


Output DisableTime from Clock 




5 




6 





(1) : The operating temperature (Ta) is guaranteed with transverse air flow exceeding 500 linear feet per i 

(2) : Transition is measured ±200mV from steady voltage with the loading in Fig.1 . 



AC Test Conditions 


Input Pulse Levels 


3.0/O.OV 


Input Pulse Rise and Fall Time 


3ns 


Input Timing Measurement Reference Levels 


1.5V 


Output Timing Measurement Reference Levels 


1.5V 


Output Load 


Fig.1 



5V 



•480n 



DouT z = 5on 



l/Opin 



>RL = 50n CL = 5pF =*= ^2550 
1.5V (For tECL, toci) 



T 
J 



Figure 1. 
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TC55BS8128J-10/12 



Static RAM 



Timing Waveforms 
Read Cycle 



CLK 



ADDRESS 



Standby 




mm 



tACK 



Write Cycle and Pass-Through Mode 
Standby 



Write and 
Pass -Through 
tCY 



Write and 
Pass - Through 



Pass - Through 




tACK 



PRELIMINARY 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



C-17 



static RAM 



Notes 



C-18 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



Pseudo SRAM 



Pseudo Static SRAM 



Speed 

...70, 85, 

85 

....70, 85 
.80, 100 
.80, 100 
...70, 80 



Density Organization Pacloge 

TC51 832A 256K 32K x 8 R F, SP 

TC51864 51 2K 64Kx8 P, F 

TC511632 512K 32Kx16 F, FT 

TC518128A 1M 128Kx8 R R SR FW, FT. 

TC518128A-LV 1M 128Kx8 R F, FW, FT.... 

TC518128B 1M 128Kx8 R R SR FW, FT. 

TC51 81 28B-V 1 M 1 28K x 8 R F FW, FT 70, 80 

TC51 81 28C 1 M 1 28K x 8 R R SR FW, FT 70, 80 

TC51 81 29A 1 M 1 28K x 8 R R SR FW, FT 80, 1 00 

TC51 81 29A-LV 1 M 1 28K x 8 R R FW, FT 80, 1 00 

TC518129AI 1M 128Kx8 FW 

TC518129B 1M 128Kx8 ...R R SR FW, FT. 70, 80 

TC518129B-V 1M 128Kx8....: R R FW, FT..... 70, 80 

TC51 81 29C 1 M 1 28K x 8 R FW, FT 70, 80 

TC518512 4M 512Kx8 R R FT, TR 70, 80 

TC51 851 2-(LT) 4M 51 2K x 8 R R FT, TR 70, 80 

TC518512-(DR) 4M 512Kx 8 R R FT, TR 70, 80 

TC518512-LV 4M 512Kx8 R R RT, TR 70, 80 

TC5185121 4M 512Kx8 R F ...80 

TC51V8512A 4M 512Kx8 R FT, TR 120 



(ns) Features Page 

100 D-1 

100 D-9 

100 ^ D-1 9 

120 CE1/CE2 D-33 

1 20 CE1/CE2, Low Voltage . .D-43 

100 CE1/CE2 ..D-57 

1 00 CE1/CE2, Low Voltage. .D-67 

100 CE1/CE2 D-81 

120 CBCS D-91 

1 20 CBCS, Low Voltage ... .D-1 01 

100 CBCSJnd. Temp D-115 

100 CBCS D-125 

100 CBCS J_pw Voltage. ...D-1 35 

100 CBCS D-1 49 

100 D-1 59 

100 Low Temp D-1 67 

1 00 Data Retention D-1 75 

100 Low Voltage D-1 85 

100 Industrial Temp D-197 

1 50 3V Operation D-205 



Package: R = Plastic DIR F = Flat package (SOP), SP = Slim Plastic DIR FW = Flat Wide package 
FT = Forward bend TSOR TR = Reverse bend TSOP 



TOSHIBA 



TC51832AP/ASP/AF-70/85/10 
TC51832APL/ASPL/AFL-70/85/10 



SILICON GATE CMOS 



32,768 WORD x 8 BIT CMOS PSEUDO STATIC RAM 



Description 

The TC51 832AP is a 256K bit liigh speed CMOS pseudo static RAM organized as 32,768 words by 8 bits. Tlie TC51 832AP utilizes 
a one transistor dynamic nnemory ceil with CMOS peripheral circuitry to provide high capacit y, high speed and low power storage. The 
TC51832AP operates from a single 5V power supply Refreshing is supported by a refresh (RFSH) input which enables two types of 
refreshing - auto refresh and self refresh. The TC51832AP features a static RAM-like interface with a write cycle in which the input 
data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface. 

The TC51832AP is pin-compatible with the 256K bit CMOS static RAM JEDEC standard and is available iha 28-pin, 0.6 inch 
and 0.3 inch width plastic DIP, and a small outline plastic flat package. 



Features 

• Organization: 32,768 words x 8 bits 

• Single 5V power supply 

• Fast access time 



Pin Connection (Top View) 





TC51832A Family 


-70 


-85 


-10 


tcEA Access Time 


70ns 


85ns 


100ns 


toEA OE Access Time 


30ns 


35ns 


40ns 


tpc Cycle Time 


115ns 


135ns 


160ns 


Power Dissipation 


385mW 


303mW 


248mW 


Self Refresh Current 


ImA/IOOnA 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 256 refresh cycles/4ms 

• Pin compatible: 256K SRAM (JEDEC) 

• Package 



- TC51832AP/APL 

- TC51832ASP/ASPL 

- TC51832AF/AFL 



DIP28-P-600 

DIP28-P-300B 

SOP28-P-450 



A14 C 


1 


28 


3 Vdo 


A12 C 


2 


27 


3 R/W 


A7 C 


3 


26 


]A13 


A6 C 


4 


25 


3A8 


A5C 


5 


24 


]A9 


A4 C 


6 


23 


]A11 


A3 C 


7 


22 


3^/RF$H 


A2 C 


8 


21 


]A10 


AlC 


9 


10 


]^ 


AO C 


10 


19 


31/08 


1/01 C 


11 


18 


31/07 


1/02 C 


12 


17 


31/06 


1/03 C 


13 


16 


31/05 


GND C 


U 


15 


31/04 



Pin Names 



A0~A14 


Address Inputs 


Ft/W 


Read/Write Control Input 


OE/RFSH 


Output Enable Input 
Refresh Input 


Ce 


Chip Enable Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 
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Static RAM 



Block Diagram 



Voo GND 

1 1 



r\ COLUMN 
A14-8 7 ; ADDRESS 

W BUFFER (7) 



A7-0 



ROW 
ADDRESS 
BUFFER (8) 



REFRESH 
C0UNTER(8) 



O 

o 



CLOCK 
GENERATOR 



R/Wo- 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



256 



128x8 



1 



MEMORY 
ARRAY 
256x128x8 



2* 



»— U. 

o 

O CO 



a. ^ 

t- 00 

Ooc Hr" 



O CO 



ll/OI 

m/08 




REFRESH 
CONTROLLER 



REFRESH 
TIMER 



Operating IVIode 



^^^^..^ PIN 
IWODE ^ — 


CE 


OE/ 
RFSH 


R/W 


A0~A14 


1/01 ~ 8 


Read 
Write 

CE only Refresh 


_i _i _i 


L 
H 
H 


H 
L 
H 


V* 
V* 
V* 


OUT 
IN 
HZ 


Auto/Self Refresh 


H 


L 






HZ 


Standby 


H 


H 






HZ 



H = High level input (V|h) 
L = Low level input (Vij 
* =V|HorV||_ _ 

V* = At the falling edge of CE, all address inputs are latched. At all other tinnes, the address inputs are "*". 
HZ = High impedance 



IVIaximum Ratings 



SYIV1B0L 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




Vqut 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




Tqpr 


Operating Temperature 


0-70 


°c 


1 


^STRG 


Storage Temperature 


-55 - 150 


°c 


"■"solder 


Soldering Temperature • Time 


260*10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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TC51 832AP/ASP/AF-70/85/1 
TC51 832APL/ASPLyAFL-70/85/1 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


NOTES 








Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 










V|H 


Input High Voltage 


2.4 




Vdd + 1-0 


V 


2 








V|L 


Input Low Voltage 


-1.0 




0.8 


V 










DC Characteristics (Ta = ~ 7(yC, Vqd = 5V±10%) 
















SYIHBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 




Operating Current (Average) 

CE, Address cycling: tpc = tRc min- 


70ns version 




35 


70 








'ddo 


85ns version 


_ 


30 


55 




mA 


3,4 




100ns version 


_ 


25 


45 








'ddsi 


Standby Current 


TC1832AP/ASP/AF 


_ 


_ 


1 


mA 




CE = V|H, OE/RFSH = V|H 


TC1832APL/ASPL/AFL 


_ 


_ 


1 




IdDS2 


Standby Current 


TC1832AP/ASP/AF 


- 


- 


1 


mA 




CE = Vdd - 0.2V OE/RFSH = Vqd - 0.2V 


TC1832APL/ASPL/AFL 






1 nn 

1 uu 


HA 




'ddfi 


Self Refresh Current (Average) 


TC1832AP/ASP/AF 


- 


- 


1 


mA 




CE = V|h, OE/RFSH = V|l 


TC1832APL/ASPLyAFL 






1 




IdDF2 


Self Refresh Current (Average) 


TC1832AP/ASP/AF 


- 




1 


mA 




CE = Vdd - 0.2V OE/RFSH = 0.2V 


TC1832APL/ASPiyAFL 




60 


100 


HA 




'l(L) 


Input Leakage Current 

OV < V|N < Vdd, All other Inputs not under test = OV 


- 


- 


±10 


HA 




'O(L) 


Output Leakage Current 

Output Disabled (CE = V|h or OE/RFSH = V|h or R/W = V|l) 
OV<Vout^Vdd 


_ 


_ 


±10 


HA 




VOH 


Output High Level 
l0H = -1mA 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 




Capacitance* (Vqd = 5V, Ta = 25°C, f = 1MHz) 


















SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 




Cii 


Input Capacitance (AO ~ A1 4) 




5 








C|2 


Input Capacitance (CE, OE/RFSH, R/W) 




7 


PF 






C|0 


Input/Output Capacitance 




7 









This parameter is periodically sampled and is not 100% tested. 
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Static RAM 



AC Characteristics (Ta = ~ TCC, Vqd = 5V±10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-70 


-85 


-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read, Write Cycle Time 


115 


_ 


135 


_ 


160 


_ 






*RMW 


Read Modify Write Cycle Time 


175 


_ 


190 


_ 


220 


_ 






tcE 


CE Pulse Width 


70 


10,000 


85 


10,000 


100 


10,000 






tp 


CE Precharge Time 


35 


_ 


40 


_ 


50 


_ 






tCEA 


CE Access Time 


_ 


70 


_ 


85 


_ 


100 






tOEA 


f5E Access Time 


_ 


30 


_ 


35 


_ 


40 






tCLZ 


CE to Output in Low -Z 


20 


_ 


20 


_ 


20 


_ 






tOLZ 


OE to Output in Low -Z 





_ 





_ 





_ 






twLZ 


Output Active from End of Write 





_ 





_ 





_ 






tCHZ 


Cfiip Disable to Output in Higli-Z 





25 





25 





30 




9 


^OHZ 


OE Disable to Output in High-Z 





25 





25 





30 




9 


twHZ 


Write Enable to Output in High-Z 





25 





25 





30 




9 


bsc 


SE Setup Time Referenced to CE 


10 


_ 


10 


_ 


10 


_ 




9 




OE Hold Time Referenced to CE 





_ 





_ 





_ 




9 


^RCS 


Read Command Setup Time 





_ 





_ 





_ 






Irch 


Read Command Hold Time 





_ 





_ 





_ 


ns 




twp 


Write Pulse Width 


25 


_ 


25 


_ 


25 


_ 






*WCH 


Write Command Hold Time 


40 


_ 


40 


_ 


40 


_ 






^CWL 


Write Command to CE Lead Time 


25 


_ 


25 


_ 


25 


_ 






^DSW 


Data Setup Time from R/W 


20 


_ 


20 


_ 


20 


_ 




10 


^DSC 


Data Setup Time from CE 


20 


_ 


20 


_ 


20 


_ 




10 


*DHW 


Data Hold Time from RA/V 





_ 





_ 





_ 




10 


^DHC 


Data Hold Time from CE 





_ 





_ 





_ 




10 


^ASC 


Address Setup Time 





_ 





_ 





_ 




11 




Address Hold Time 


20 


_ 


20 


_ 


20 


_ 




11 


tpc 


Auto Refresh Cycle Time 


115 


_ 


135 


_ 


160 


_ 






tRFD 


RFSH Delay Time from CE 


35 


_ 


40 


_ 


50 


_ 






tpAP 


RFSH Pulse Width (Auto Refresh) 


80 


8,000 


80 


8,000 


80 


8,000 




12 


tpp 


RFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


115 




135 




160 






12 


tREP 


Refresh Period (256 cycles, AO ~ A7) 




4 




4 




4 


ms 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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TC51 832APL/ASPLyAFL-70/85/1 



Notes: 



1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) Iddo depends on the cycle time. 

4) Iddo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 00|is with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 
Input Levels 



V|H = 2.6V 
V|L = 0.6V 



INPUT 



2.6V- 
0.6V- 



V|H = 2.4V 
V|L = 0.8V 



Input Reference Levels 
Output Reference Levels 
8) Measured with a load equivalent to 1 TTL load and 1 0OpF. 



OUTPUT 





-2.4V 
-0 8V 








> 


-2.2V 

-o.av 



VoH = 2.2V 
Vol = 0-8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVELS LEVELS 



9) ^^CHZ' ^OHZ' ^WHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

1 0) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the input data must be valid 
during the setup time (tDsw o'' ^dsc) ^'^'^ 1^°'^ time fcHw or tDHc)- 

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during tAsc ^i^d tAHc- 



1 2) The two refresh oper ations , auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V|h. 
Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tp^s (min.) 

The timing parameter tpps niust be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 
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Static RAM 



Timing Waveforms 
Read Cycle 




1/01-1/08 



VoH- 



Read Modify Write Cycle 
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Write Cycle 2 (OE Clocked) 

AO - A14 ^'"^ 

R/W 

1/01-1/08 
Read Modify Write Cycle 




tRMW 



AO- A14 



R/W 



V,H - 

1/01-1/08 

VoH- 




tCEA 




twHZ 



tOHZ 



DATA-OUT 



^^OATA-IN ^ ^ 



-< H 



kH2 
<< ► 



H orL 
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Static RAM 



CE Only Refresh 




VlH - 



1/01-1/08 



VoH- 



VOL- 

Note:A8~A14 = V|H orV|L 



OPEN 



HorL 



Auto Refresh 

VlH - 



C1/rF?h 



J 



tFC 



•4 ► 



tFC 



tOHC 



^ » -4- 



1/01-1/08 



VoH - 



Vol - 

Note : R/W, AO ~ A1 4 = V|h or V|l 

Self Refresh 



VlH - 
V|L - 



V,H - 
V|L - 



OPEN 



l/OI-VOS 



VoH 



Vol - 

Note : R/W, AO - A1 4 = V|h or V|l 



OPEN 
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TC51864PL/FL-g5/10 

PRELIMINARY 

SILICON GATE CMOS 

65,536 WORD x 8 BIT CMOS PSEUDO STATIC RAM 



Description 

The TC51 864PL is a 51 2K bit liigh speed CMOS pseudo static RAM organized as 65,536 words by 8 bits. The TC51 864PL utiiizes 
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacit y, high speed and low power storage. The 
TC51864PL operates from a single 5V power supply. Refreshing is supported by a refresh (RFSH) input which enables two types of 
refreshing - auto refresh and self refresh. The TC51 864PL features a static RAM-like interface with a write cycle in which the input 
data is written into the memory cell at the rising edge of RAV thus simplifying the microprocessor interface. 
The TC51864PL is available in a 32-pin, 0.6 inch width plastic DIP, and a small outline plastic flat package. 



Features 

• Organization: 65,536 words x 8 bits 

• Single 5V power supply 

• Fast access time 



Pin Connection (Top View) 





TC51864 Family 


-85 


-10 


IceaCE Access Time 


85ns 


100ns 


toEA ^ Access Time 


35ns 


40ns 


tpc Cycle Time 


135ns 


160ns 


Power Dissipation 


385mW 


330mW 


Self Refresh Current 


lOOnA 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 256 refresh cycles/4ms 

• Package 

- TC51864PL: DIP32-P-600 

- TC51864FL: SOP32-P-525 

Pin Names 



AO ~ A15 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


RFSH 


Refresh Input 


CE 


Chip Enable Input 


CS 


Chip Select Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 


NC 


No Connect 



rfshc 


1 ^ 


32 


J 




NC C 


2 


31 


1 


A15 


AUC 


3 


30 


J 


CS 


A12C 


4 


29 


D 


R/W 


A7C 


5 


23 


D 


A13 


A6C 


6 


27 


D 


AS 


A5C 


7 


26 


1 


A9 


A4C 


8 


25 


3 


Al 1 


A3t: 


9 


24 




OE 


A2C 


10 


23 


2 


AlO 


Al C 


11 


22 


3 


zr 


AOC 


12 


21 




1/08 


1/01 c 


13 


20 


3 


1/07 


1/02 C 


14 


19 


a 


1/06 


i/03C 


15 


18 


3 


1/05 




16 


17 


3 


1/04 
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Block Diagram 

Vdd 
? 



GND 
? 



A 15-8 



[J 



COLUMN 
ADDRESS 
BUFFER (8) 



r-\ ROW 
A7-0 8 ) ADDRESS 
11/ BUFFER (8) 



REFRESH 
COUNTER (8) 



CSoH 



CLOCK 
GENERATOR 



RFSHO 
o- 

R/W o- 



fT 



5i 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



^ UJ 

O 
O 
u 



256 



MEMORY 
ARRAY 
256x256x8 



CL eo 
Z 

— ec 
ui 
<u. 
h- U. 

< ■=) 

O m 



Z) 

a. ^ 

h- CO 

O OS 

LU 

< u- 

o 

O 09 



ll/OI 

ni/08 



r 



REFRESH 
CONTROLLER 



REFRESH 
TIMER 



D- 



Operating Mode 





PIN 
















MODE 




CE 


CS 


OE 


R/W 


RFSH 


A0~A15 


1/01 ~ 8 


Read 




L 


H 


L 


H 




V* 


OUT 


Write 




L 


H 




L 




V* 


IN 


CE only Refresh 




L 


H 


H 


H 




V* 


HZ 


CS Standby 




L 


L 










HZ 


Auto/Self Refresh 




H 








L 




HZ 


Standby 


H 








H 




HZ 



H = High level input (V|h) 
L = Low level input (V|l) 
* =V|HorV|L _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are "*". 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




Vqut 


Output Voltage 


-1.0-7.0 


V 




VpD 


Power Supply Voltage 


-1.0 - 7.0 


V 




^OPR 


Operating Temperature 


0-70 


°c 


1 


"•"STRG 


Storage Temperature 


-55-150 


°c 




TsOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




■out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd +1-0 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V+10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Iddo 


Operating Current (Average) 


85ns version 




50 


70 


mA 


3, 4 


CE, Address cycling: tpc = tpc min. 


1 00ns version 


- 


40 


60 


'ddsi 


Standby Current 

CE = V|H, RFSH = V|H 


- 


— 


1 


mA 




'ddS2 


Standby Current 

CE = Vdd - 0-2V, RFSH = Vqd - 0.2V 






100 


HA 




'ddfi 


Self Refresh Current (Average) 
CE = V|H, RFSH = V|L 






1 


mA 




'dDF2 


Self Refresh Current (Average) 
CE = Vdd - 0.2V, RFSH = 0.2V 


- 


50 


100 


ma 




l|(L) 


Input Leakage Current 

OV < V|N < Vdd> All other Inputs not under test = OV 


— 


— 


±10 






'O(L) 


Output Leakage Current 

Output Disabled (CE = V|h or OE = V|h or RAN = V|l) 
OV < VouT ^ Vdd 






±10 






VoH 


Output High Level 
loH = -1mA 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 




Capacitance* (Vdd = 5V, Ta = 25''C, f = 1 MHz) 














SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 






Input Capacitance (AO ~ A1 5) 




5 








C|2 


Input Capacitance (CE, CS, OE, R/W, RFSH) 




7 


PF 






C|0 


Input/Output Capacitance 




7 









This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C, Vdd = 5V±10%) (Notes: 5, 6, 7, 8, 13) 



SYMRni 

O 1 IflDUL 


PARAMFTFR 


-85 


-10 


UNIT 


NOTES 


IVIIN. 


MAX. 


MIN. 


MAX. 


*RC 


Random Read, Write Cycle Time 


loo 




i cn 










Read Modify Write Cycle Time 


i on 




oon 








tCE 


CE Pulse Width 


nc: 
oo 


\ n nnn 


1 nn 


1 n nnn 
1 u,uuu 






tp 


CE Precharge Time 






Rn 








^CEA 


CE Access Time 




oo 




1 nn 
1 uu 






^OEA 


OE Access Time 




OO 




An 
•tu 






^CLZ 


CE to Output in Low -Z 






on 








^OLZ 


OE to Output in Low -Z 


u 




u 








Wlz 


Output Active from End of Write 


u 




u 








tcHZ 


Chip Disable to Output in Higli-Z 


U 


OK 


u 


ou 




9 


*OHZ 


OE Disable to Output in High-Z 


u 


Ot^ 


n 


"in 

oU 




9 


Whz 


Write Enable to Output in High-Z 


u 


OR 


n 


"in 
ou 




9 


*ODS 


OE Output Disable Setup Time 


u 




n 








*ODH 


OE Output Disable Hold Time 


1 u 




in 
1 u 








*RCS 


Read Command Setup Time 


n 

u 




n 








*RCH 


Read Command Hold Time 


n 




n 








*CSS 


Chip Select Setup Time 


u 




n 
u 




ns 




*CSH 


Chip Select Hold Time 






on 






twp 


Write Pulse Width 


CXi 




Ol^ 








WcH 


Write Command Hold Time 


/in 












^CWL 


Write Command to CE Lead Time 


oe; 
eXi 




OK 








*DSW 


Data Setup Time from R/W 






on 






10 


*DSC 


Data Setup Time from CE 


on 




on 






10 


^DHW 


Data Hold Time from R/W 


U 




u 






10 


*DHC 


Data Hold Time from CE 


u 




u 






10 


^ASC 


Address Setup Time 


n 
u 




n 
u 






11 


^AHC 


Address Hold Time 


on 




on 






11 


^RHC 


RFSH Command Hold Time 


1 




no 








tpc 


Auto Refresh Cycle Time 






1 Rn 
1 ou 








^RFD 


RFSH Delay Time from CE 


40 




50 








^FAP 


RFSH Pulse Width (Auto Refresh) 


80 


8,000 


80 


8,000 




12 


tpP 


RFSH Precharge Time 


30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


135 




160 






12 


*REF 


Refresh Period (256 cycles, AO ~ A7) 




4 




4 


ms 




tj 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 
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Notes: 

1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) Iddo depends on the cycle time. 

4) boo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 100|is with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 

7) Timing reference levels 

Input Levels : V|h = 2.6V 

V,| =0.6V 



Input Reference Levels : V|h = 2.4V 

V|L = 0.8V 

Output Reference Levels : Vqh = 2.2V 

VoL = 0.8V 

8) Measured with a load equivalent to 1 TTL load and 1 0OpF. 

9) tcHZ' ^HZ' 'twHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

1 0) For write cycles, the input data is latched at the earlier of RAN or CE rising edge. Therefore, the input data must be valid 
during the setup time fosw oi" bsc) ^nd hold time (tpHw c ^dhc)' 

1 1 ) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during t^sc 3"^^ tAHc- 



1 2) The two refresh oper ations , auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V|h. 

Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tp^s (i^'"') 

The timing parameter tppg must be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 

1 3) CE only refresh or auto refresh must begin within 1 5.6|xs after self refreshing ends. 



INPUT 



OUTPUT 



2.6V. 
0.6V" 



— X 


-2.av 

-ORV 










> 


-2.2V 
-0 8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 
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Timing Waveforms 
Read Cycle 




: HorL 
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Auto Refresh 



V|H - 



y 



tpFD 

N H 



\ 



tFP 



7^0 — K > i 



4 ^"^^ > i 



I?5h 



1/01-1/08 



VOH - 

Vol 



OPEN 



Note : CS, OE, R/W, AO ~ A1 5 = V|h or V|l 

Self Refresh 



VlH - 



tRFD 



V,L _ 



1/01-1/08 



VoH - 

Vol -" 



OPEN 



Note : CS, OE, R/W, AO ~ A1 5 = V|h or V||_ 



CS standby Mode 



CS 




1/01-1/08 _ 
Vol - 



OPEN 



Note : OE, R/W, AO ~ A1 5 = V|h or V|l 



HorL 
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PRELIMINARY 



SILICON GATE CMOS 



32,768 WORD x 16 BIT CMOS PSEUDO STATIC RAM 



Description 

The TC51 1 632FL/FTL is a 51 2K bit high speed CMOS pseudo static l=iAM organized as 32,768 words by 1 6 bits. The 
TC511632FLyFTL utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high 
speed and low power storage. The TC51 1 632FLyFTL operates from a single 5V power supply Refreshing is supported by a 
refresh (RFSH) input which enables two types of refreshing - auto refresh and self refresh. The TC51 1 632FLyFTL features a static 
RAM-like interface with a write cycle in which the input data is written into the memon/ cell at the rising edge of WE thus simplifying 
the microprocessor interface. 

The TC511632FLyFTL is available in a 40-pin small outline plastic flat package and a 44-pin outline (40 actual pins) plastic thin 
small outline package (forward type). 

Features Pin Connection (Top View) 

• Organization: 32,768 words x 16 bits 

• Single 5V power supply 

• Fast access time 





TC511632FL/FTL 


-70 


-85 


-10 


tcEA^E Access Time 


70ns 


85ns 


100ns 


toEA Access Time 


30ns 


35ns 


40ns 


tpic Cycle Time 


115ns 


135ns 


160ns 


Power Dissipation 


440mW 


385mW 


330mW 


Self Refresh Current 


lOOfiA 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 256 refresh cycles/4ms 

• Package 

- TC511632FL: SOP40-P-525 

- TC511632^L:TSOP44-P-400B 

Pin Names 



AO ~ A14 


Address Inputs 


OWE 


Upper Byte Write Enable Input 




Lower Byte Write Enable Input 


Doe 


Upper Byte Output Enable Input 


LOE/RFSH 


Lower Byte Output Enable Input 
Refresh Input 


CE 


Chip Enable Input 


I/01 ~ 1/016 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



GND C 
A9 C 
A8 C 
A7 C 
AS C 
AS C 
A4 C 
A3 C 
A2 C 
A1 C 
AO C 
I/01 c 
I/02 C 
1/03 C 
1/04 C 
I/05 C 
1/06 C 
1/07 C 
1/08 C 
GND C 



FL 



40 3 V 

39 3 

38 3 LWE 
37 3 AlO 
36 3 A1 1 
35 3 A12 
34 3 A13 
33 3 A14 

32 3 yoE 

31 3 i^E/RFSH A1 
30 3 CE 
29 =1 1/016 
28 3 1/015 
27 3 1/014 
26 3 1/013 
25 3 1/012 
24 3 1/011 
23 3 I/O10 
22 3 1/09 
21 3 Voo 
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Block Diagram 



7-0 [S) 



VpD GND 
I I 



K COLUMN 
AM~a h ADDRESS 
-"■'^ l-V BUFFER (7) 



ROW 
ADDRESS 
SUFFER (8) 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



)f=; 



REFRESH 
C0UNTER(8) 



CLOCK 
GENERATOR 



TOT/ 

WSh 



.=0- 



LWf o- 
UWlo- 



MEMORY 
ARRAY 
256 X 128 X 16 



REFRESH 
CONTROLLER 



REFRESH 
TIMER 



0. S 
2 ~- 
— 0£ 



— oc 



3g 



1/016 



1/09 



1/08 

] ' 
1/01 



Operating IVIode 



PIN 

MODE 


CE 


UOE 


LOE/ 
RFSH 


UWE 


LWE 


A0~A14 


1/09-16 


1/01 ~ 8 


Standby 


H 












HZ 


HZ 


Read (Word) 


L 


L 


L 


H 


H 


V* 


Dqut 


Dqut 


Read (Upper Byte) 


L 


L 


H 


H 


H 


V* 


Dqut 


HZ 


Read (Lower Byte) 


L 


H 


L 


. H 


H 


V* 


HZ 


Dqut 


Read (HZ) 


L 


H 


H 


H 


H 


V* 


HZ 


HZ 


Write (Word) 


L 






L 


L 


V* 


D|N 


D|N 


Write (Upper Byte) 


L 




H 


L 


H 


V* 






Write (Lower Byte) 


L 


H 




H 


L 


V* 




D|N 


Don't Use 


L 




L 


L 


H 








Don't Use 


L 


L 




H 


L 








CE only Refresh 
Auto/Self Refresh 


H 


H 


H 


H 


H 


V* 


HZ 
HZ 


HZ 
HZ 



H = High level input (V|h) 
L = Low level input (V||J 
* =V|HorV|L _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0 ~ 7.0 


V 




Vqut 


Output Voltage 


-1.0 ~ 7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




"•"OPR 


Operating Temperature 


0-70 


°c 


1 


"•"STRG 


Storage Temperature 


-55 - 150 


°c 


"•"solder 


Soldering Temperature • Time 


260 • 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYIVIBOL 


PARAIMETER 


iVIIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd +10 


v 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 



DC Cliaracteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



oTlnDUL 


PARAMETER 


MIU 


TVP 

1 Tr. 


MAY 
ninA. 


IIMIT 
UNI 1 


nu 1 CO 


'ddo 


Operating Current (Average) 

CE, Address cycling: tpc = tpc nnin. 


70ns version 




60 


80 


mA 


3,4 


85ns version 




50 


70 


1 00ns version 


- 


40 


60 


'ddsi 


Standby Current 

CE = V|H,, All other pins = V|h or V|l 






1 


mA 




IdDS2 


Standby Current 

CE = Vdd - 0.2V All other pins = Vdd - 0.2V or 0.2V 






100 


ma 




'ddfi 


Self Refresh Current (Average) 

CE = V|H, LOE/RFSH = V|l All other pins = V|h or V|l 






1 


mA 




'dDF2 


Self Refresh Current (Average) 

CE = Vdd - 0.2V, LOE/RFSH = 0.2V, All other pins = Vdd - 0.2V or 0.2V 




50 


100 


HA 




'l(L) 


Input Leakage Current 

OV < V|N < Vdd, All other inputs not under test = OV 






±10 


HA 




'O(L) 


Output Leakage Current 

Output Disabled (CE = V,h or LOE/RFSH = V|h or LWE = V,l) 
OV < VouT ^ Vdd UOE = V|h OWE = V|l 






±10 


ma 




VOH 


Output High Level 
loH = -1mA 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 




Capacitance* (Vdd = 5V, Ta = 25°C, f = 1 1VIHz) 




SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 




C|i 


Input Capacitance (AO ~ A1 4) 




5 






C|2 


Input Capacitance (CE, LOE/RFSH, UOE, LWE, UWE) 




7 


PF 




C|0 


Input/Output Capacitance 




7 









'This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C, Vdd = 5V±10%) (Notes: 5, 6, 7, 8, 13) 



SYIVIBOL 


PARAMETER 


-70 


-85 


-10 


UNIT 


NOTES 


IVIIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


*RC 


Random Read, Write Cycle Time 


115 




135 




160 








tRMW 


Read Modify Write Cycle Time 


175 




190 




220 








tcE 


CE Pulse Width 


70 


10,000 


85 


10,000 


100 


10,000 






tp 


CE Precharge Time 


35 




40 




50 








*CEA 


CE Access Time 




70 




85 




100 






*OEA 


0E Access Time 




30 




35 




40 






tCLZ 


CE to Output in Low -Z 


20 




20 




20 








k)LZ 


UE to Output in Low -Z 





















*WLZ 


Output Active from End of Write 





















^CHZ 


Chip Disable to Output in High-Z 





25 





25 





30 




9 


*OHZ 


OE Enable to Output in High-Z 





25 





25 





30 




9 


*WHZ 


Write Enable to Output in High-Z 





25 





25 





30 




9 


hsc 


OE Setup Time Referenced to CE 


10 




10 




10 






9 


^LOHC 


LOE Hold Time Referenced to CE 





tcE 





tcE 





tcE 




9 


*UOHC 


Doe Hold Time Referenced to CE 



















9 


^LWED 


From Doe Disable to LWE Enable 



















9 


*UWED 


From LOE Disable to UWE Enable 

















ns 


9 


*RCS 


Read Command Setup Time 



















*RCH 


Read Command Hold Time 





















twp 


Write Pulse Width 


25 




25 




25 








twCH 


Write Command Hold Time 


40 




40 




40 








tcWL 


Write Command to CE Lead Time 


25 




25 




25 








*DSW 


Data Setup Time from R/W 


20 




20 




20 






10 


bsc 


Data Setup Time from CE 


20 




20 




20 






10 


^DHW 


Data Hold Time from R/W 



















10 


^DHC 


Data Hold Time from CE 



















10 


^ASC 


Address Setup Time 



















11 


^AHC 


Address Hold Time 


20 




20 




20 






11 


tpc 


Auto Refresh Cycle Time 


115 




135 




160 








^RFD 


RFSH Delay Time from CE 


35 




40 




50 








tpAP 


RFSH Pulse Width (Auto Refresh) 


80 


8,000 


80 


8,000 


80 


8,000 




12 


tpp 


RFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


115 




135 




160 






12 


*REF 


Refresh Period (256 cycles, AO ~ A7) 




4 




4 




4 


ms 




h 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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Notes: 

1) Stress greater than those listed under "Maximunn Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) boo depends on the cycle time. 

4) Iddo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 100|is with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 
Input Levels 



V|H = 2.6V 
V|L = 0.6V 



INPUT 



2.6 V- 
0.6V • 



V|H = 2.4V 
V|L = 0.8V 



Input Reference Levels 
Output Reference Levels 
8) Measured with a load equivalent to 1 TTL load and 1 0OpF. 



OUTPUT 





-2.4V 

-onv 










> 


-2.2V 
-08V 



VoH = 2.2V 
Vol = 0-8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



9) ^CHZ' ^OHZ' Whz define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10) For write cycles, the input data is latched at the earlier of WE or CE rising edge. Therefore, the input data must be valid 
during the setup time (tosw or tQsc) and hold time (tpHw or toHc)- 

11) All address inputs.are latched at the falling edge of CE. Therefore, all the address inputs must be valid during t^sc and tAHc- 



1 2) The two refresh oper ations , auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V|h. 

Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tp^s (min.) 

The timing parameter tpps niust be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 

1 3) CE only refresh or auto refresh must begin within 1 5.6|.is after self refreshing ends. 
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Timing Waveforms 
Read Cycle 




AO- A14 



ADDRESS 



V,L - 



V,L - 



1/09-16 ^O"" 
VOL- 



1/01-8 VoH- 
VOL- 



^LOHC 



1 



Hz 



i£L2. 



4 ^Cl-Z 



j££A_ 




^RCH 



tRCH 



- 

A 



X 



^OLZ 



■ 



tCEA 



A 



<-^2H2 ^ 

khz 



DATA - OUT 



tOEA 



^OHZ 



DATA - OUT 



> 



: "H" or "L" 
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Write Cycle 1 (OE Fixed Higli) 



A0~ A14 




VlH 

V,L - 



lOe/rfsh 



VlL _ 



VlL - 



LWE 



Vi, - 



1/01-16 _■ 



7 



tpsc 



7 



Z 



z 



twCH 



twp 



1 



A 



■* ► 



DATA-IN 



I kOHC 



I tRCH 



^DHC 



"H" or "L" 
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Static RAM 



Upper Byte Write Cycle 2 (OE Cloclced) 



AO - AM 




1/09-16 



1/01-8 : D,N = "H" or "L" 
DouT = OPEN 



: "H" or "L" 
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Lower Byte Write Cycle 3 (OE Cloclced) 




tAHC 



ViL - 



UWE 



VlL -_ 



V,H -" 



j IN 

1/01-8 

L 



VlH - 



tosc 



7 



tRCS 



7 



tRCS 



2 



VOH- Hz 

VOL- 



ADDRESS 



koHC 



2 



tCLZ 
-« ► 



twCH 



tpsw 



7' ^ 



tosc 



tOHW 

— ► 



<^ DATA-IN 



twHZ 



tOHZ 




I tuOHC 



I tRCH 



I tRCH 



^DHC 



•4 ► 



1/09-16 : Din = "H" or "L" 
DouT = OPEN 



: "H" or "L" 
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Static RAM 



Read Modify Write Cycle 



AO- A14 



V|H 



-Z7 



V|L _ 



Viu - 



/Ol- 

L 



1/01~16 



•OUT 



VoH- 

Vn, _~ 



Use 



tRMW 



tCE 




tRCS 



tRCS 



1 



\ L. 



tlOHC 
-4 > 



\ I 



twP 



twHZ 

H ► 



tRCH 



tRCH 



^DATA-IN ^) 



tOHZ 



DATA - OUT 



twLZ 
► 



kHZ 

► 



1 



or "L" 
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Upper Byte Read Modify Write Cycle 



A0~ AM 



uUe 



ViH - 

ViL _ 



lSI/rF5h 



V|L _ 



ViH - 
V,L - 



LWE 



Vm _ 



V,u - 



1/09-1/016 

VoH- 

I OUT 



1/01- 

L 



1/01-1/08 



-OUT 



VoH- 

VOL-" 



Use 



tRCS 



J 



7 



\OHC 



k)L2 



tRMW 



tCE 




^CEA 



n : — t 



tRCH 



tosw 



twHZ 



X 



tRCH 



toHW 



tOHC 



^DATA-IN ^ > y 



4 



DATA - OUT 



tCEA 



> 



Hz 



tWLZ 



knz 



^ — ► 



DATA - OUT 



l/01~8 : Din = "H" or "L" 



: -H' or -L' 
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Lower Byte Read Modify Write Cycle 



TJUE 



V|L - 



V,H - 



UWE 



LWE 



ViH -" 

ViL - 



Vm _ 



1/01- 

L 



1/01-1/08 



-OUT 



VOH- 

Vot-" 



1/09-1/016 



I VoH- 
I OUT -■ 



Vol- 



Use 



tRCS 



J 



M ► 



tOLZ 



tOLZ 



tRMW 



tCE 



/ \ 




„toHZ ^ 



DATA - OUT 



_t2£A_ 



> 



tOHZ 



tRCH 



tRCH 



■ DATA-IN ^} ^ 



tOHC 



DATA - OUT 



— ► 



Hz 



1/09-16 : D|N = "H" or "L" 



: "H" or "L* 
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CE Only Refresh 



AO" A7 



-~7 



Use 



tRC 



tCE 



tAHC 



TJUi 



UWE, LWE 



ViL - 



VlH -" 
Vn _ 



tosc 



7 



tosc 



7 



tRCS 



J 




kiOHC 



kOHC 



tRCH 



I/O 



1-1/016 



VoL- 



OPEN 



NOTE : A8~ A14 = "H" or "L" 



: "H' or "L" 



Auto Refresh 



VlH - 

ViL - 



mE/RF?H - 



1/01-1/08 



VOH 

Vol 



tRFD 



tFC 



■< ► ^ ► 



kOHC 



OPEN 



NOTE : LJ?5E, DWf, LW?, AO - A14 = "H' or "l* 



Self Refresh 



ViH - 

V|L - 



VlH - 



7 



tRFD 



tFP 



7^ 



f 



tlOHC , 
► 



l/01~V016 



VoH - 
Vol -" 



PRELIMINARY 



OPEN 



NOTE : uUi, DWf, LWf, A0~A14 = "H* or "t" 
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TC518128AP/ASP/AF/AFWW10/12 

TC518128APL/ASPL/AFL/AFWLW10/12 

TC518128AFTL-80/10/12 



SILICON GATE CMOS 



131,072 WORD X 8 BIT CMOS PSEUDO STATIC RAM 



Description 

The TC51 81 28A is a 1 M bit liigln speed CMOS pseudo static l=iAM organized as 1 31 ,072 words by 8 bits. The TC51 81 28A utilizes 
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacit y, high speed and low power storage. The 
TC51 81 28A operates from a single 5V power supply Refreshing is supported by a refresh (RFSH) input which enables two types of 
refreshing - auto refresh and self refresh. The TC5181 28A features a static RAM-like interface with a write cycle in which the input 
data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface. 

The TC51 81 28A is pin-compatible with the 1 M bit CMOS static RAM JEDEC standard and is available in a 32-pin, 0.6 inch and 
0.3 inch width plastic DIR a small outline plastic flat package, and a 32-pin thin small outline plastic package (forward type). 
Features Pin Connection (Top View) 



• Organization: 131 ,072 words x 8 bits 

• Single SV power supply 

• Fast access time 





TC518128A Family 


-80 


-10 


-12 


tcEA CE Access Time 


80ns 


100ns 


120ns 


toEA Access Time 


35ns 


40ns 


50ns 


tpc Cycle Time 


130ns 


160ns 


190ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


1 mA/200^iA (L version) 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 512 refresh cycles/8ms 

• Auto refresh power down feature 

• Pin compatible: 1 M SRAM (JEDEC) 

• Package 

- TC518128AP/APL 

- TC518128AF/AFL 

- TC518128ASP/ASPL 

- TC518128AFW/AFWL 

- TC518128AFTL 



DIP32-P-600 

SOP32-P-450 

DIP32-P-300 

SOP32-P-525 

TSOP32-P-0820 



(TSOP) 



RFSHC 1 
A16C 2 
A14C 3 
A12C 4 
A7C S 
A6C 6 
ASC 7 
A4C 8 
A3C 9 
A2C 10 
AlC 11 
AOC 12 
lADlC 13 
IAD2C 14 
1/03 C IS 
GNOC 16 



3CE2 
3 R/W 
3 A13 
3 A8 
3 A9 
3 A11 
3^ 
3 A1Q 

3cri 

3 1/08 
3 U07 
3 U06 
3 UOS 
3 UOA 



"S32 
17 



16^ ^17 

TC51 81 28AFTL( Forward) 



TCS 1 81 28APL / AFU / ASPL / AFWL 



Pin Names 



AO ~ A16 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


RFSH 


Refresh Input 


CET, CE2 


Chip Enable Inputs 


I/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


All 


Ag 


As 


Ai3 


R/W 


CE2 


Ai5 


Vdd 


RFSH 


A16 


Al4 


A12 


A7 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


I/06 


I/07 


I/08 


GET 


A10 


OE 
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Block Diagram 



Voo GNO 
I 1 



r\ COLUMN 
A16-9 8; ADDRESS 

W BUFFER (8) 



r-\ ROW 
A8-0 9 . ADDRESS 
11/ BUFFER (9) 



REFRESH 
C0UNTER(9) 



CE20^ 



CLOCK 
GENERATOR 



RF5HO- 
o- 



R/Wo- 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



SSxS 



512 



MEMORY 

ARRAY 
512x256x8 



3^ 
a. eo 
Z-' 
— ec 

UJ 

<uu 
t- u. 

%^ 
O o 



a. ^ 

t- 00 
D — 
Oa: 

Ui 

<u. 
K u. 
O 
O CD 



:4> 



r 



REFRESH 
CONTROLLER 



REFRESH 
TIMER 



01 
S 

1/08 



Operating Mode 



PIN 

MODE 
















CE1 


CE2 


OE 


R/W 


RFSH 


A0~A16 


1/01 ~ 8 


Read 


L 


H 


L 


H 




V* 


OUT 


Write 


L 


H 




L 




V* 


IN 


CE only Refresh 


L 


H 


H 


H 




V* 


HZ 


Auto/Self Refresh 


H 








L 




HZ 


Auto/Self Refresh 




L 






L 




HZ 


Standby 


H 








H 




HZ 


Standby 




L 






H 




HZ 



H = High level input (V|h), 
L = Low level input (V|l} 

* =V|HorV|L 

V* = At the falling edge of CE1 (CE2 = H) or the rising edge of CE2 (CE1 = L), all address inputs are latched. At all other times, the address inputs are ' 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




Vqut 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




"•"OPR 


Operating Temperature 


0-70 


°c 


1 


TsTRG 


Storage Temperature 


-55 - 150 


°c 


TsOLDER 


Soldering Temperature • Time 


260*10 


°C»sec 




Pd 


Power Dissipation 


600 


mW 




■out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYMBOL 


PARAIVIETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 1-0 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 



DC Cliaracteristics (Ta = ~ 70''C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 




Operating Current (Average) 

CE1, CE2, Address cycling: tpc = tpc min. 


80ns version 


- 


50 


70 






Iqqq 


1 00ns version 




40 


60 


mA 


3,4 




1 20ns version 




35 


50 






'ddsi 


Standby Current 


Normal version 






2 


mA 




CE1 = V|H or CE2 = V|l, RFSH = V|h 


L version 






1 






Standby Current 

CE1 = Vdd - 0.2V or CE2 = 0.2V, 
RFSH = Vdd - 0.2V 


Normal version 


- 


- 


1 


mA 






L version 




100 


200 


^lA 






Self Refresh Current (Average) 
CE1 = V|H or CE2 = V|l, 
RFSH = V|L 


Normal version 


- 




2 


mA 




^DDF1 


L version 






1 






Self Refresh Current (Average) 


Normal version 






1 


mA 




'dDF2 


CE1 = Vdd - 0.2V or CE2 = 0.2V, 
RFSH = 0.2V 


L version 


- 


100 


200 


ma 




'dDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc f^ii" 






2 


mA 






CE only Refresh Current (Average) 
CE1, CE2, Address cycling: tpc = tpc min. 


80ns version 




50 


70 






'dDF4 


100ns version 




40 


60 


mA 


3 




1 20ns version 




35 


50 






'l(L) 


Input Leakage Current 

OV < V|N < Vdd, AN other Inputs not under test = OV 






±10 


MA 




'O(L) 


Output Leakage Current 

Output Disabled (CET = V|h or CE2 = V|l or OE = V|h or RAN = V|l), 
OV < VouT ^ Vdd 






±10 


ma 




VoH 


Output High Level 
loH = -5mA 


2.4 






V 




Vol 


Output Low Level 
Iql = 4.2mA 






0.4 


V 





Note: FoMposi an d Ippp i with CE1 = V|h (CE2 = V|l), the specified limits are guaranteed under the condition CE2 = V|h or CE2 = V|l 
(CE1 =V|H or CET = V|l). 

For ipDsa and Iqdf2 with CE1 > Vqd - 0.2V (CE2 < 0.2V), the specified limits are guaranteed under the condition CE2 > Vqd - 0.2V or CE2 < 0.2V 
(CE1 > Vqd - 0.2V or CE1 < 0.2V). 



Capacitance* (Vdd = 5V, Ta = 25''C, f = AMHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C,i 


Input Capacitance (AO ~ A16) 




5 


PF 


C|2 


Input Capacitance (CE1 , CE2, OE, R/W, RFSH) 




7 


C|0 


Input/Output Capacitance 




7 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = - 70°C, Vqd = 5V±10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-80 


-10 


-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read, Write Cycle Time 


130 




160 




190 










Read Modify Write Cycle Time 


195 




235 




280 








tCE 


CE Pulse Width 


80 


10 000 


100 


10,000 


120 


10,000 




13 


tp 


CE Precharge Time 


40 




50 




60 








tCEA 


CE Access Time 




80 




100 




120 






tOEA 


OE Access Time 




35 




40 




50 






*CLZ 


CE to Output in Low -Z 


30 




30 




30 








tOLZ 


UE to Output in Low -Z 





















twLZ 


Output Active from End of Write 





















tcHZ 


Chip Disable to Output in High-Z 




25 





30 





35 




9 


tOHZ 


OE Disable to Output in High-Z 





25 





30 





35 




9 


*WHZ 


Write Enable to Output in High-Z 





25 





30 





35 




9 


tODS 


OE Output Disable Setup Time 





















tODH 


OE Output Disable Hold Time 


10 




10 




10 








tpcs 


Read Command Setup Time 





















tRCH 


Read Command Hold Time 

















ns 




twp 


Write Pulse Width 


60 




70 




85 






twCH 


Write Command Hold Time 


60 


10,000 


70 


10 000 


85 


10 000 






tcWL 


Write Command to CE Lead Time 


60 


10,000 


70 


10,000 


85 


10,000 






bsw 


Data Setup Time from R/W 


30 




35 




45 






10 


^DSC 


Data Setup Time from CE 


30 




35 




45 






10 




Data Hold Time from R/W 



















10 


^DHC 


Data Hold Time from CE 



















10 


Use 


Address Setup Time 



















11 


^AHC 


Address Hold Time 


20 




25 




30 






11 


Irhc 


RFSH Command Hold Time 


15 




15 




15 








tpc 


Auto Refresh Cycle Time 


130 




160 




190 










RFSH Delay Time from CE 


40 




50 




60 








*FAP 


RFSH Pulse Width (Auto Refresh) 


30 


8 000 


30 


8 000 


30 


8 000 




12 


tpp 


RFSH Precharge Time 


30 




30 




30 






12 


Vas 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


160 




190 




225 






12 


tREF 


Refresh Period (512 cycles, AO ~ A8) 




8 




8 




8 


ms 




tj 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 




tcES 


CE2 Low Setup Time 


5 




5 




5 




ns 


14 


*CEH 


CE2 Low Hold Time 


5 




5 




5 




ns 


14 
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Notes: 



1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) boo ^i^ci Iqdp4 depend on the cycle time. 

4) boo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 00|as with high CE1 or low CE2 is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 
Input Levels 



V|H = 2.6V 
V|L = 0.6V 



INPUT 



2.6V. 
0.6V« 



V|H = 2.4V 
V|L = 0.8V 



Input Reference Levels 
Output Reference Levels 
8) Measured with a load equivalent to 2 TIL loads and 100pF. 



OUTPUT 





-2.4V 
-OflV 








> 


-2.2V 
-OBV 









VoH = 2.2V 
Vol = 0-8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



9) tcHZ' ^OHZ' Vhz define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10) For write cycles, the input data is latched at the earlier of RAV or CE1 rising edge (CE2 falling edge). Therefore, the 
input data must be valid during the setup time (tpsw or tosc) ^i^d hold time (tpHw oi" ^hc)- 

11) All address inputs are latched at the falling edge of CE1 (rising edge of CE2). Therefore, all the address inputs must be 
valid during t^sc si^cl tAHc- 



1 2) The t wo refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE1 = V|H or CE2 = V|l. 



Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tpAS (i^^in.) 

The timing parameter tpps must be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 

13) The timings, tcE (min.) and tcE (max.) must be met for proper device operation. 



CE2 



V|H_ 
VlL- 

V|H_ 
V|L- 



7 



CE2 



V,H_ 
V|L - 

V|H_ 
VlL- 



14) The timings, tcEs (min.) and tcEH (min.) must be met when using CE1 and CE2 as shown below. 



V|H_ 



CE2 



V|H_ Vi 



CE2 



VlH_ 



V|H_ 
V|L- 



*CIM 
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Timing Waveforms 
Read Cycle 



in 



CE2 



V,H -■ 



A0~ A16 



R/W 



l/01~V08 



IF5H 





l/01~U08 



HorL 



Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V|h (or VnJ. 
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Write Cycle 2 (OE Clocked) 



CE2 



AO - A16 



V|H -■ 



R/W 



1/01-1/08 



-OUT 





AO - A16 



1/01-1/08 

VoH- 



-OUT 



TfFSH 



VOL- 



V|H - 



< DATA-IN ^ 

HZ •<( ^ 




: HorL 

Note: The device can be operated by cycling GET (or CE2) only provided that CE2 (or GET) is connected to V|h (or ViJ. 
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Read Modify Write Cycle 



tRMW 



^ v., _ 



CE2 



A0~ A16 




V,H -- 
VlL -_ 



R/W 



V|H -"■ 



V|H - 

iyoi~i/08 

' — OUT ■• 



IF5h 



tRCS 



7 



1 



^ data-in' ^ 




CE Only Refresh 



CE2 



V,H - 




AO - A8 

75E 

IVW 
1/01-1/08 

IF5H 

Note:A9~A16 = V|HorV|L 

Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V|h (or V|l). 



:HorL 



0^40 
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TC518128APL/AFL/AFWLmV/10LV/12LV 
TC518128AFTL-«0LV/10LV/12LV 



SILICON GATE CMOS 

131,072 WORD X 8 BIT CMOS PSEUDO STATIC RAM 

Description 

The TC51 81 28A-LV is a 1 M bit high speed CMOS pseudo static RAM organized as 1 31 ,072 words by 8 bits. The TC51 81 28A-LV 
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed an d low p ower 
storage. The TC51 81 28A-LV operates from a single power supply of 3.1 35 ~ 5.5V, Refreshing is supported by a refresh (RFShO input 
which enables two types of refreshing - auto refresh and self refresh. The TC51 81 28A-L\/ features a static RAM-like interface with a 
write cycle in which the input data is written into the memory cell at the rising edge of RAN thus simplifying the microprocessor 
interface. 

The TC51 81 28A is pin-compatible with the 1 M bit CMOS static RAM JEDEC standard and is available in a 32-pin, 0.6 inch width 
plastic DIR a small outline plastic flat package, and a 32-pin thin small outline plastic package (forward type). 



Features 

• Organization: 1 31 ,072 words x 8 bits 

• Low voltage operation: 3.135V ~ 5.5V 

• Data retention supply voltage: 3.0V ~ 5.5V 

• Fast access time 



Pin Connection (Top View) 





TC518128A-LV Family 


-80 


-10 


-12 


*CEA Access Time 


80ns 


100ns 


120ns 


toEA Access Time 


35ns 


40ns 


50ns 


tRc Cycle Time 


130ns 


160ns 


190ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


5.5V 


200nA 


3.0V 


100|xA 





TC51 81 28AFTL{ Forward) 



Auto refresh is supported by an internal refresh address 
counter 

Self refresh is supported by an internal timer 
Inputs and outputs TTL compatible 
Refresh; 512 refresh cycles/8ms 
Auto refresh power down feature 
Pin compatible: 1 M SRAM (JEDEC) 
Package 

- TC518128APL: DIP32-P-600 

- TC518128AFL: SOP32-P-450 

- TC518128AFWL: SOP32-P-525 

- TC518128AFTL:TSOP32-P-0820 



TC5 1 8 1 28APL / AFL / AFWL 



Pin Names 



AO ~ A16 


Address Inputs 


RAN 


Read/Write Control Input 


OE 


Output Enable Input 


RFSH 


Refresh Input 


CET, CE2 


Chip Enable Inputs 


1/01 ~ I/OS 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



CTSOP) 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


Ae 


Al3 


RAN 


CE2 


Ai5 


Vdd 


RFSH 


A16 


Al4 


A12 


A7 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


I/05 


1/06 


I/07 


I/08 


CE1 


A10 


OE 
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Block Diagram 



p\ COLUiVlN 
A16-9 8; ADDRESS 

^/ BUFFER (8) 



r\ ROW 
A8-0 9 > ADDRESS 
LI/ BUFFER (9) 



REFRESH 
C0UNTER(9) 



CE20*l 



CLOCK 
GENERATOR 



IF5HO- 
51 o- 



iVW o- 



::0 



512 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



256x8 



MEMORY 
ARRAY 
512x256x8 



a. 00 
2 

— ec 

UJ 

<u. 



Z3 

a. ^ 
Ooc 



<u. 
L-/ O 00 



r 



REFRESH 




REFRESH 


CONTROLLER 




TIMER 



ll/OI 

m/os 



Operating Mode 



^^^^^^ PIN 
MODE ^^^-^^^ 
















CE1 


CE2 


OE 


R/W 


RFSH 


AO - A16 


1/01 - 8 


Read 


L 


H 


L 


H 




V* 


OUT 


Write 


L 


H 




L 




V* 


IN 


CE only Refresh 


L 


H 


H 


H 




V* 


HZ 


Auto/Self Refresh 


H 








L 




HZ 


Auto/Self Refresh 




L 






L 




HZ 


Standby 


H 








H 




HZ 


Standby 




L 






H 




HZ 



H = High level input {V|h) 
L = Low level input (Vij 

* =V|HOrV|L 

V* = At the falling edge of CE1 (CE2 = H) or the rising edge of CE2 (CE1 = L), all address inputs are latched. At all other tinnes, the address inputs are ' 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




Vqut 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0- 7.0 


V 




Tqpr 


Operating Temperature 


0-70 


°c 


1 


TsTRG 


Storage Temperature 


-55 - 150 


°c 


TsOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYMBOL 


PARAIMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 




Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 1.0 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 


DC Characteristics CTa = ~ 70°C, Vqd = 5V±10%) 




SYIVIBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

CE1, CE2, Address cycling: tpc = tpc min- 


80ns version 




50 


70 


mA 


3,4 


1 00ns version 




40 


60 


120ns version 




35 


50 


'ddsi 


Standby Current 

CeT = V|H or CE2 = V|L, RFSH = V|h 


- 


- 


1 


mA 




'dDS2 


Standby Current 

GET = Vdd - 0.2V or CE2 = 0.2V, 
RFSH = Vdd - 0.2V 




100 


200 


|iA 




'ddfi 


Self Refresh Current (Average) 
CET = V,H or CE2 = Vm, 
RFSH = V|L 






■| 


mA 




IdDF2 


Self Refresh Current (Average) 
CE1 = Vdd - 0.2V or CE2 = 0.2V, 
RFSH = 0.2V 


- 


100 


200 


^A 




IdDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = Ifc "^'n 






2 


mA 




'dDF4 


CE only Refresh Current (Average) 
CE1, CE2, Address cycling: tRc = tpc 


80ns version 




50 


70 


mA 


3 


100ns version 




40 


60 


120ns version 




35 


50 


'l(L) 


Input Leakage Current 

OV < V|N < Vdd> All other Inputs not under test = OV 






+10 


mA 




'O(L) 


Output Leakage Current 

Output Disabled (CE1 = V|h or CE2 = V|l or OE = V|h or R/W = ViJ, 
OV<Vout^Vdd 






±10 


liA 




VoH 


Output High Level 
loH = -5mA 


2.4 






V 




Vol 


Output Low Level 
'oL = 4.2mA 






0.4 


V 





Note: FoMpDsi an d Ippp i witli CE1 = V|h (CE2 = V|l), the specified limits are guaranteed under the condition CE2 = V|h or CE2 = V||_ 
(CE1 =V|H or CE1 ^ V|l). 

For loDS2 and Iddf2 with CE1 > Vdd - 0-2V (CE2 < 0.2V), the specified limits are guaranteed under the condition CE2 > Vdd - 0-2V or CE2 < 0.2V 
(CE1 > Vdd - 0.2V or CE1 < 0.2V). 



Capacitance* (Vdd = 5V, Ta = 25°C, f = IIVIHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C|1 


Input Capacitance (AO ~ A16) 




5 


PF 


C|2 


Input Capacitance {CE1 , CE2, OE, R/W, RFSH) 




7 


C|0 


Input/Output Capacitance 




7 



This parameter is periodically sampled and is not 100% tested. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



D-45 



TC51 81 28APUAFLyAFWLyAFTL-80LV/1 OLV/1 2LV Static RAM 



AC Characteristics (Ta = ~ 70°C, Woo = 5V±10%) (Notes: 5, 6, 7, 8) 



OI nlDUL 


PARAMFTFR 
rnnnnlC 1 Cn 


-80 


-10 


■12 


UNIT 


ilU 1 CO 


IVIIN. 


MAX. 


IMIN. 


IVIAX. 


MIN. 


MAX. 




Random Read, Write Cycle Time 


130 




160 




190 








^RMW 


Read Modify Write Cycle Time 


195 




235 




280 








tcE 


CE Pulse Width 


80 


1 0,000 


100 


10,000 


120 


10,000 




13 


tp 


CE Precharge Time 


40 




50 




60 








^CEA 


CE Access Time 




80 




100 




120 






^OEA 


OE Access Time 




35 




40 




50 






tp.i 7 


CE to Output in Low -Z 


30 




30 




30 








tni 7 


OE to Output in Low -Z 





















^WLZ 


Output Active from End of Write 





















^CHZ 


Chip Disable to Output in High-Z 





25 





30 





35 




9 


^OHZ 


Disable to Output in High-Z 





25 





30 





35 




9 


^WHZ 


Write Enable to Output in High-Z 





25 





30 





35 




9 


toDS 


UE Output Disable Setup Time 





















Iqqi-i 


OE Output Disable Hold Time 


10 




10 




10 








tpQs 


Read Command Setup Time 





















tpQH 


Read Command Hold Time 

















ns 




^WP 


Write Pulse Width 


60 




70 




85 






^WCH 


Write Command Hold Time 


60 


1 0,000 


70 


10,000 


85 


10,000 






^CWL 


Write Command to CE Lead Time 


60 


10,000 


70 


10,000 


85 


10,000 






t[jsw 


Data Setup Time from R/W 


30 




35 




45 






10 


Iqsc 


Data Setup Time from CE 


30 




35 




45 






10 


^DHW 


Data Hold Time from R/W 



















10 


^DHC 


Data Hold Time from CE 



















10 


^ASC 


Address Setup Time 



















11 


^AHC 


Address Hold Time 


20 




25 




30 






11 


^RHC 


RFSH Command IHold Time 


15 




15 




15 








tpc 


Auto Refresh Cycle Time 


130 




160 




190 








^RFD 


RFSH Delay Time from CE 


40 




50 




60 








^FAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 




RFSH Precharge Time 










on 
oU 






12 


*FAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


160 




190 




225 






12 


tfiEF 


Refresh Period (512 cycles, AO ~ A8) 




8 




8 




8 


ms 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 






tCES 


CE2 Low Setup Time 


5 




5 




5 




ns 


14 


tCEH 


CE2 Low Hold Time 


5 




5 




5 






14 
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3.3V Operation 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


3.135 


3.3 


3.465 


V 


2 


V|H 


Input High Voltage 


Vdd - 0.2V 




Vdd + 1-OV 


V 


VlL 


Input Low Voltage 


-0.5 




0.2 


V 



DC Characteristics (Ta = ~ 70°C, Mod = 3.3V±5%) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

CE1, CE2, Address cycling: tpc = tpc min. 




15 




mA 


3,4 


'dDS2 


Standby Current 




50 


100 


ma 




IdDF2 


Self Refresh Current (Average) 




50 


100 


UA 




'dDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc min 






2 


mA 




'dDF4 


CE only Refresh Current (Average) 
CE1, CE2, Address cycling: tRc = Irc min. 




15 


20 


mA 


3 


l|(L) 


Input Leakage Current 

OV < V|fg < Vqd, All other Inputs not under test = OV 






+10 


mA 




'O(L) 


Output Leakage Current 
Output Disable, OV < Vqut ^ Vdq 






±10 


HA 




VoH 


Output High Level 


loH = -1mA 


2.4 






V 




loH = -100nA 


Vdd - 0.2V 






Vol 


Output Low Level 


loL = 2.1mA 






0.4 


V 




loL= 100nA 






0.2 
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AC Characteristics (Ta = ~ 70°C, Woo = 3.3V±5%) (Notes: 5, 6, 8) 



SYIMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


NOTES 




Random Read, Write Cycle Time 


300 


_ 






Irmw 


Read Modify Write Cycle Time 


405 


_ 






tCE 


CE Pulse Width 


200 


10,000 




13 


tp 


CE Precharge Time 


90 


_ 






tCEA 


CE Access Time 


_ 


200 






tOEA 


OE Access Time 


_ 


80 






tcLZ 


CE to Output in Low -Z 


40 


_ 






tOLZ 


OE to Output in Low -Z 


5 


_ 






twLZ 


Output Active from End of Write 


5 


_ 






tCHZ 


Chip Disable to Output in High-Z 





50 




9 


*OHZ 


OE Disable to Output in High-Z 





50 




9 


twHZ 


Write Enable to Output in High-Z 





50 




9 


*ODS 


OE Output Disable Setup Time 





_ 






tODH 


UE Output Disable Hold Time 


10 


_ 






*RCS 


Read Command Setup Time 





_ 






*RCH 


Read Command Hold Time 





_ 


ns 




*WP 


Write Pulse Width 


100 


_ 




twCH 


Write Command Hold Time 


100 


10,000 






*CWL 


Write Command to CE Lead Time 


100 


10,000 






*DSW 


Data Setup Time from R/W 


50 


_ 




10 


*DSC 


Data Setup Time from CE 


50 


_ 




10 


*DHW 


Data Hold Time from R/W 





_ 




10 


*DHC 


Data Hold Time from CE 





_ 




10 


*ASC 


Address Setup Time 





_ 




11 


^AHC 


Address Hold Time 


35 


_ 




11 


Irhc 


RFSH Command Hold Time 


15 


_ 






tpc 


Auto Refresh Cycle Time 


300 


_ 






tfiPD 


RFSH Delay Time from CE 


90 


_ 






tpAP 


RFSH Pulse Width (Auto Refresh) 


50 


8,000 




12 


tpp 


RFSH Precharge Time 


50 


_ 




12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 


- 




12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


300 






12 


Iref 


Refresh Period (512 cycles, AO ~ A8) 




8 


ms 






Transition Time (Rise and Fall) 


3 


50 






tcES 


CE2 Low Setup Time 


10 




ns 


14 


tCEH 


CE2 Low Hold Time 


10 






14 



Tinning Reference Levels: 

Input Reference Levels: 1 .5V/1 .5V 
Output Reference Levels: 1 .5V/1 .5V 
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Notes: 

1) Stress greater than those listed under "Maxinnum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) boo si^cl Iddf4 depend on the cycle time. 

4) Iddo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 00|is with high CE1 or low CE2 is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 
Input Levels 



V|H = 2.6V 
V|L = 0.6V 



INPUT 



2.6 V" 
0.6V' 



V|H = 2.4V 
V|L = 0.8V 



Input Reference Levels 
Output Reference Levels 
8) Measured with a load equivalent to 2 TTL loads and 1 0OpF. 



OUTPUT 





-I'4V 








> 


-2.2V 
-0 8V 



VoH = 2.2V 
Vol = 0-8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



9) ^CHZ' ^OHZ' '^WHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

1 0) For write cycles, the input data is latched at the earlier of RAN or CE1 rising edge (CE2 falling edge). Therefore, the input 
data must be valid during the setup time (tpsw o'' ^dsc) ^^'^ l^o'cl time (tQHw or tQHc)- 

11) All address inputs are latched at the falling edge of CE1 (rising edge of CE2). Therefore, all the address inputs must be valid 
during tAsc and tAHC' 



1 2 ) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE1 = V|H or CE2 = V|l. 



Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tp^s (min.) 

The timing parameter tpps must be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 

1 3) The timings, t^E (min.) and tcE (max.) must be met for proper device operation. 



CE2 



V|H_ 
V,L- 

V,H_ 
V|L - 



m 



CE2 



VlH_ 



V|H_ 
V.L - 



14) The timings, t^ES (min.) and tcEH (min.) must be met when using CE1 and CE2 as shown below. 



_ V,H_- 
V|H_ 



CE2 



V|H_ \| 

V|L- -5. 



V|H_ 
ViL - 



VlH_ 

CE2 V„- 
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Data Retention Cliaracteristics (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


3.0 




5.5 


V 


'dDF2 


Self Refresh Current 


Vdh = 3.0V 




40 


100 


HA 


Vdh = 5.5V 




100 


200 


tR 


Recovery Time 


5 






ms 



*The falling slope of Vdd must be more than 50ms for proper device operation (20msA/). 



Vdo 



Voo - 

4.5V _ 

Vdh -. 

GND _ 



RFSH 



V|H 



GND 



V,H. 

CE1 

V|L 
GNO 



or 

V,H 
V|L 

GNO 



CE2 



tRFD. 




-I 



DATA RETENTION MODE 



Onsmin. 



(SELF REFRESH) 



S0.2V 



tR 



2 Vdo - 0.2V 



CE2 2 Vdo - 0.2V or CE2 S 0.2V 



S0.2V 



i 



CET 2 Voo - 0.2V or SIT S 0.2V 



Notes: OE, R/W, AO ~ A1 6 = V|h or V|l 

Iqdfi is applicable when RFSH = V||_ (max.), CE1 = V|h (min.), CE2 = V|l (max.). 
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Timing Waveforms 
Read Cycle 



CE2 



AO - A16 



OF 



R/W 



1/01-1/08 




VoH- 
VoL- 



Write Cycle 1 (OE Fixed High) 



CE2 



AO - A16 



R/W 



VlH - 

1/01-1/08 ^j^^ 




V,H - 



HorL 



Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V|h (or V|J. 
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Write Cycle 2 (OE Clociced) 




Write Cycie 3 (OE Fixed Low) 



A0~ A16 




R/W 



VlH 



1/01-1/08 

Zz- 



(DATA-IN % 

HZ Jfc. 



3^ 



VlH - 




HorL 



Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V|h (or ViJ. 
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CE Only Refresh 



err 



CE2 



V,H - 




AO - A8 w 



R/W 



1/01-1/08 

Note:A9~A16 = V|HOrV|L 

Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V|h (or V|l). 



HorL 
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Innp? Temp. Characteristics 



80 - 



VoD= 3V 
Typ. 



60 



40 



20 



25 



Ta 



70 



CC) 
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Battery Backup Application Exampie 



Voo o 



2SA1015 




777 



777- 777 



777 777 



10/iF 



*1 : Ceramic condenser 
*2: Tantalum condenser 

(A large bypass condenser is preferable to absorb noise when the power supply is switched.) 

This circuit does not have memory protection. Therefore, rapid turnoff of the power supply must be avoided. Enter the Self 
Refresh mode before changing to the battery backup power supply 
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SILICON GATE CMOS 



TC518128BPL/BSPL/BFL/BFWL/BFrL-70/80/10 
TC518128BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L 



131,072 WORD X 8 BIT CMOS PSEUDO STATIC RAM 

Description 

The TC51 81 28B is a 1 M bit Inigh speed CMOS pseudo static RAM organized as 1 31 ,072 words by 8 bits. The TC51 81 28B utilizes 
a one transistor dynamic mennory cell with CMOS peripheral circuitry to provide high capacit y, high speed and low power storage. The 
TC518128B operates from a single 5V power supply. Refreshing is supported by a refresh (RFSH) input which enables two types of 
refreshing - auto refresh and self refresh. The TC51 81 28B features a static RAM-like interface with a write cycle in which the input 
data is written into the memory cell at the rising edge of RAV thus simplifying the microprocessor interface. 

The TC518128B is pin-compatible with the 1 M bit CMOS static RAM JEDEC standard and is available in a 32-pin, 0.6 inch and 
0.3 inch width plastic DIP, a small outline plastic flat package, and a 32-pin thin small outline plastic package (forward type). 



Features 

• Organization: 1 31 ,072 words x 8 bits 

• Single 5V power supply 

• Fast access time 





TC518128B Family 


-70 


-80 


-10 


tcEA^E Access Time 


70ns 


80ns 


100ns 


IqeaO^ Access Time 


25ns 


30ns 


40ns 


Irc Cycle Time 


115ns 


130ns 


160ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


200|aA (L version) 
50|jA (LL version) 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 512 refresh cycles/8ms 

• Auto refresh power down feature 

• Pin compatible: 1M SRAM (JEDEC) 

• Package 



TC518128BPL 

TC518128BFL 

TC518128BSPL 

TC518128BFWL 

TC518128BFTL 



DIP32-P-600 

SOP32-P-450 

DIP32-P-300 

SOP32-P-525 

TSOP32-P-0820 



Pin Connection (Top View) 





I o — ^ 1 I 

TC5 1 8 1 288FTL ( Forward ) 



TC518128BPL/BFL/BSPL/BFWL 



Pin Names 



AO ~ A16 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


RFSH 


Refresh Input 


CET, CE2 


Chip Enable Inputs 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



(TSOP) 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


As 


Ai3 


R/W 


CE2 


Ai5 


Vdd 


RFSH 


A16 


Al4 


A12 


A7 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


I/03 


GND 


I/04 


1/05 


I/06 


I/07 


1/08 


CE1 


A10 


OE 
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Block Diagram 



Voo GND 
1 1 



r\ COLUMN 
A16-9 a; ADDRESS 

W BUFFER (8) 



a ROW 
ADDRESS 
BUFFER (9) 



0( 



REFRESH 
C0UNTER(9) 



COLUIVIN 
DECODER 



SENSE AMP. 
I/O GATE 



S6x8 



CLOCK 



GENERATOR 



RFSHo- 
o- 



512 



MEMORY 

ARRAY 
512x256x8 



3^ 
a. 00 

— ec 

Ui 

H- u. 
O 03 



V 



3 

a. ^ 

»- OD 

Ooc 



Lk <»*• 

8 > <3 



01 
i 

1/08 



R/Wo- 



::0 



r 



REFRESH 
CONTROLLER 



REFRESH 
TIMER 



Operating IVIode 



PIN 

MODE 
















CE1 


CE2 


Be 


R/W 


RFSH 


A0~A16 


1/01 ~ 8 


Read 


L 


H 


L 


H 




V* 


OUT 


Write 


L 


H 




L 




V* 


IN 


CE only Refresh 


L 


H 


H 


H 




V* 


HZ 


Auto/Self Refresh 


H 








L 




HZ 


Auto/Self Refresh 




L 






L 




HZ 


Standby 


H 








H 




HZ 


Standby 




L 






H 




HZ 



H = High level input (V|h) 
L = Low level input {V| J 

* =V|HorV|L 

V* = At the falling edge of CE1 (CE2 = H) or the rising edge of CE2 (CE1 = L), all address inputs are latched. At all other times, the address inputs are "*". 
HZ = High impedance 



Maximum Ratings 



SYIVIBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




Vqut 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




Tqpr 


Operating Temperature 


0-70 


°c 


1 


TsTRG 


Storage Temperature 


-55 - 150 


°c 


TsOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYMBOL 


PARAIVIETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 10 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 



DC Characteristics (Ta = ~ 70°C, Vqq = 5V±10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

CE1, CE2, Address cycling: tpc = tpc mi"- 


70ns version 


— 


50 


70 


mA 


3,4 


80ns version 




40 


60 


100ns version 


_ 


35 


50 


'ddsi 


Standby Current 

CE1 = V|H or CE2 = V|l, RFSH = V|h 






1 


mA 




'dDS2 


Standby Current 

CE1 = Vdd - 0-2V or CE2 = 0.2V, 
RFSH = Vdd - 0-2V 


L version 


— 


100 


200 


ma 




LL version 




35 


50 


iiA 


'ddfi 


Self Refresh Current (Average) 
CET = V|H or CE2 = V|l, 
RFSH = V|L 






1 


mA 




'dDF2 


Self Refresh Current (Average) 
CE1 = Vdd - 0.2V or CE2 = 0.2V, 
RFSH = 0.2V 


L version 


- 


100 


200 


HA 




LL version 


- 


35 


50 


\iA 


IdDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc 






2 


mA 




'dDF4 


CE only Refresh Current (Average) 
CE1, CE2, Address cycling: tRc = Irc "T^'"- 


70ns version 




50 


70 


mA 


3 


80ns version 




40 


60 


100ns version 




35 


50 


'l(L) 


Input Leakage Current 

OV < V|N < Vdd, All other Inputs not under test = OV 






±10 


^lA 




'O(L) 


Output Leakage Current 

Output Disabled (CET = V|h or CE2 = V|l or OE = V|h or R/W = ViJ, 
OV < VouT ^ Vdd 






±10 


IiA 




VOH 


Output High Level 
loH = -1mA 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 





Note: l^oMpDsi an d Ippp i with CE1 = V|h (CE2 = V|l), the specified limits are guaranteed under the condition CE2 = V|h or CE2 = V|l 
(CE1 =V|H or CE1 = V|l). 

For lpDS2 and Iddf2 with CE1 > Vpo - 0.2V (CE2 < 0.2V), the specified limits are guaranteed under the condition CE2 > Vpo - 0.2V or CE2 < 0.2V 
(CE1 > Vdd - 0.2V or CE1 < 0.2V). 



Capacitance* (Vqd = 5V, Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C|i 


Input Capacitance (AO ~ A1 6) 




5 




C|2 


Input Capacitance (CE1, CE2, OE, R/W, RFSH) 




7 


C|0 


Input/Output Capacitance 




7 



•This parameter is periodically sampled and is not 1 00% tested. 
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AC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-70 


-80 


-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tpc 


Random Read, Write Cycle Time 


115 


- 


130 


- 


160 


- 






tRMW 


Read Modify Write Cycle Time 


160 


- 


180 


- 


220 


- 






tcE 


CE Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 




13 


tp 


CE Precharge Time 


35 


- 


40 


- 


50 


- 






*CEA 


CE Access Time 


- 


70 


- 


80 


- 


100 






*OEA 


DE Access Time 


- 


25 


- 


30 


- 


40 






tCLZ 


CE to Output in Low -Z 


20 


- 


20 


- 


20 


- 






*OLZ 


OE to Output in Low -Z 





- 





- 





- 






twLZ 


Output Active from End of Write 










- 





- 






tcHZ 


Chip Disable to Output in High-Z 





20 





20 





25 




9 


*OHZ 


OE Disable to Output in High-Z 





20 





20 





25 




9 


twHZ 


Write Enable to Output in High-Z 





25 





25 





30 




9 


^DS 


OE Output Disable Setup Time 





- 





- 





- 






tODH 


OE Output Disable Hold Time 


10 


- 


10 


- 


10 


- 






tRCS 


Read Command Setup Time 





- 





- 





- 






^RCH 


Read Command Hold Time 





- 





- 





- 


ns 




twp 


Write Pulse Width 


20 


- 


25 


- 


30 


-' 




twCH 


Write Command Hold Time 


35 


10,000 


40 


10,000 


50 


10,000 






tcWL 


Write Command to CE Lead Time 


20 


10,000 


25 


10,000 


30 


10,000 






tosw 


Data Setup Time from R/W 


15 


- 


20 


- 


25 


- 




10 


*DSC 


Data Setup Time from CE 


15 


- 


20 


- 


25 


- 




10 


bhW 


Data Hold Time from RAW 





- 





- 





- 




10 


toHC 


Data Hold Time from CE 





- 





- 





- 




10 


Use 


Address Setup Time 





- 





- 





- 




11 




Address Hold Time 


20 


- 


25 


- 


30 


- 




11 




RFSH Command Hold Time 


15 


- 


15 


- 


15 


- 






tpc 


Auto Refresh Cycle Time 


115 


- 


130 


- 


160 


- 






*RFD 


RFSH Delay Time from CE 


35 


- 


40 


- 


50 


- 






tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 


tpp 


RFSH Precharge Time 


30 


- 


30 


- 


30 


- 




12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


160 




160 




190 






12 


tpEF 


Refresh Period (512 cycles, AO ~ A8) 




8 




8 




8 


ms 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 




fees 


CE2 Low Setup Time 


5 




5 




5 




ns 


14 


tCEH 


CE2 Low Hold Time 


5 




5 




5 




ns 


14 
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Notes: 

1) Stress greater than those listed under "Maximunn Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) boo 3nd Iddf4 depend on the cycle time. 

4) Iddo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 100ns W\Vr\ high CE1 or low CE2 is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 
Input Levels 



V|H = 2.6V 
V|L = 0.6V 



INPUT 



2.6V- 
0.6V' 



V|H = 2.4V 
V|L = 0.8V 



Input Reference Levels 
Output Reference Levels 
8) Measured with a load equivalent to 1 TTL load and 1 0OpF. 



OUTPUT 







-2.4V 
-OftV 








> 


-2.2V 
-0 8V 









VoH = 2.2V 
Vol = 0-8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



9) ^CHZ' ^OHZ- ^\NHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10) For write cycles, the input data is latched at the earlier of RAV or CE1 rising edge (CE2 falling edge). Therefore, the 
input data must be valid during the setup time (t^sw o"" ^Dsc) ^i^d hold time (tpHw or toHc)- 

1 1) All address inputs are latched at the falling edge of CE1 (rising edge of CE2). Therefore, all the address inputs must be 
valid during t^sc ^i^d t^HC' 



1 2) The t wo refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE1 = V|H or CE2 = V|l. 



Auto refresh : RFSH pulse width < tpAp (max.) 
Self refresh : RFSH pulse width > tp^s (min.) 

The timing parameter tpps must be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 

13) The timings, Iq^ (min.) and tcE (max.) must be met for proper device operation. 



CE1 



CE2 



VlH_ 

V.L- 

V|H_ 

V,L - 



CE2 



V|H_ 
V|L - 

V|H_ 
VlL- 



14) The timings, Xq^q (min.) and tcEH (i^'i^-) '^'-'st be met when using CE1 and CE2 as shown below. 

VlH_— 



CE2 



V,L 



v,H_ Vi 



CST 



CE2 



VlH_ 
V,L- 

V,H_ 
V|L- 



*CIM 
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Timing Waveforms 
Read Cycle 



CE2 



AO- A16 v„ 



R/W 



1/01-1/08 




Write Cycle 1 (OE Fixed High) 



CE2 



V|H - 



AO - A16 



15Z 



R/W 



1/01-1/08 



1?F5R 




VlH 



HorL 



Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1 ) is connected to V|h (or V|l). 
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Write Cycie 2 (OE Cioclted) 



CE2 



A0~ A16 



V,L - 



R/W 



1/01-1/08 
L— OUT 




DSW J I^PHW 

5— < DATA-IN ^ 

; "t -: 1- 




Write Cycle 3 (OE Fixed Low) 



CE2 



AO- A16 



T51 



R/W 



V|H - 

1/01-1/08 

L-ouT 



T?F5R 




ViH -• 



: HorL 

Note: The device can be operated by cycling ClT (or CE2) only provided that CE2 (or CET) is connected to V|h (or V||J. 
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Read Modify Write Cycle 



tRMW 



CE2 



V|H 



AO - A16 




V|H -~ 



VlH -~ 
VlL -_ 



V,H - 

l/01~l/08 

I VoH- 
I OUT -■ 



rF5h 



tRCS 



7 



j^DATA-IN;^--I^ 




CE Only Refresh 



AO - A8 



R/W 



1/01-1/08 




Note:A9~A16 = V|HorV|L 

Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V|h (or ViJ. 



HorL 
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TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V 



SILICON GATE CMOS 



131,072 WORD X 8 BIT CMOS PSEUDO STATIC RAM 



Description 

The TC51 81 28B-V is a 1 M bit higin speed CMOS pseudo static RAM organized as 1 31 ,072 words by 8 bits. Tine TC51 81 28B-V 
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power 
storage. The TC51 81 28B-V operates from a single power supply of 2.7 ~ 5.5V. Refreshing is supported by a refresh (RFSH) input 
which enables two types of refreshing - auto refresh and self refresh. The TC51 81 28B-V features a static RAM-like interface with a 
write cycle in which the input data is written into the memory cell at the rising edge of RAN thus simplifying the microprocessor 
interface. 

The TC518128B-V is pin-compatible with the 1 M bit CMOS static RAM JEDEC standard and is available in a 32-pin, 0.6 inch 
width plastic DIP, a small outline plastic flat package, and a 32-pin thin small outline plastic package (forward type). 



Features 

• Organization: 1 31 ,072 words x 8 bits 

• Low voltage operation 2.7V ~ 5.5V 

• Data retention supply voltage: 2.7V ~ 5.5V 

• Fast access time 





TC518128B-V Family 


-70 


-80 


-10 


tcEA CE Access Time 


70ns 


80ns 


100ns 


toEA ^ Access Time 


25ns 


30ns 


40ns 


tRc Cycle Time 


115ns 


130ns 


160ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


5.5V 


50mA 


3.0V 


25mA 



Auto refresh is supported by an internal refresh address 
counter 

Self refresh is supported by an internal timer 
Inputs and outputs TTL compatible 
Refresh: 512 refresh cycles/8ms 
Auto refresh power down feature 
Pin compatible: 1 M SRAM (JEDEC) 
Package 

- TC518128BPL: DIP32-P-600 

- TC518128BFL: SOP32-P-450 

- TC518128BFWL: SOP32-P-525 

- TC518128BFTL:TSOP32-P-0820 



Pin Connection (Top View) 



rfshc 








1 ^ 


32 


3 Al? 


A16C 


2 


31 


A14C 


3 


30 


3 CE2 


Ai2i: 


4 


29 


3 RW 


A7C 


5 


28 


3 A13 


A6C 


6 


27 


3 AS 


ASC 


7 


26 


3 A9 


A4C 


8 


25 


3 All 


A3C 


9 


24 


3 Of 


A2C 


10 


23 


3 A10 


Alt 


11 


22 


3CE1 


AOC 


12 


21 


3 U08 


1/01 c 


13 


20 


3 U07 


IAD2C 


14 


19 


3 U06 


1/03 C 


15 


18 


3 U05 


gndc 


16 


'7 


3 1/04 



16 
TG5 




■ ■ ' " I ■ ■ ■ I / 

1812BBFTL( Forward) 



TC518128BPL/BFL/8FWL 



Pin Names 



AO ~ A16 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


RFSH 


Refresh Input 


CET, CE2 


Chip Enable Inputs 


1/01-1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



fTSOP) 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


As 


Al3 


R/W 


CE2 


Al5 


Vdd 


RFSH 


A16 


Al4 


A12 


A7 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


I/05 


1/06 


1/07 


1/08 


CET 


A10 


OE 
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Block Diagram 



Voo GND 

1 1 



r\ COLUIVIN 
A16-9 8; ADDRESS 

W BUFFER (8) 



A8-0 



rA ROW 
9^ ADDRESS 
L!/ BUFFER (9) 



REFRESH 
COUNTERO) 



COLUMN 
DECODER 



SENSE AlVIP. 
I/O GATE 



CElc 
CE20-M 



CLOCK 
GENERATOR 



0E o- 



O 
O 
u 

o 

"^1 



512 
5 



256x8 



IVI EMORY 
ARRAY 
512x256x8 



3^ 
CL 00 
2 ^ 
— OC 
UJ 

<u. 
I- u- 

%^ 

Q m 



Ql ^ 
K- 00 

Ooc 

Ui 



ll/Ol 

m/08 



REFRESH 
CONTROLLER 





REFRESH 




TIMER 



R/W o- 



Operating Mode 



^^^^^^ PIN 
















MODE ^^^^^^ 


CE1 


CE2 


Of 


R/W 


RFSH 


A0~A16 


1/01 ~ 8 


Read 


L 


H 


L 


H 




V* 


OUT 


Write 


L 


H 




L 




V* 


IN 


CE only Refresh 


L 


H 


H 


H 




V* 


HZ 


Auto/Self Refresh 


H 








L 




HZ 


Auto/Self Refresh 




L 






L 




HZ 


Standby 


H 








H 




HZ 


Standby 




L 






H 




HZ 



H = High level input (V|h) 
L = Low level input (V| J 

* =V|HorV,L 

V* = At the falling edge of CE1 (CE2 = H) or the rising edge of CE2 (CE1 = L), all address inputs are latched. At all other times, the address inputs are ' 
HZ = High impedance 

Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




Vqut 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




Tqpr 


Operating Temperature 


0-70 


°c 


1 


TsTRG 


Storage Temperature 


-55-150 


°c 


TsOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 





D-68 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



static RAM TC51 81 28BPLyBFL/BFWL/BFTL-70V/80V/1 OV 



DC Recommended Operating Conditions 



SYIMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 






Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 








V|H 


Input High Voltage 


2.4 




Vdd + 1-0 


V 


2 








Input Low Voltage 


-1.0 




0.8 


v 








DC Characteristics (Ta = ~ 70°C, Vqq = 5V±10%) 














SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 




Operating Current (Average) 

CE1, CE2, Address cycling: tRc = ^RC "T^'"- 


70ns version 




50 


70 






'ddo 


80ns version 


- 


40 


60 


mA 


3,4 




1 00ns version 




35 


50 






'ddsi 


Standby Current 

CE1 = V|H or CE2 = V^ RFSH = V|h 






1 


mA 






Standby Current 

CET = Vdd - 0-2V or CE2 = 0.2V, 

RFSH = Vdd - 0-2V 




35 


50 


HA 






Self Refresh Current (Average) 
CET = V|H or CE2 = V|L, 
RFSH = V|L 






i 
1 


mA 




IdDF2 


Self Refresh Current (Average) 
CET = Vdd - 0-2V or CE2 = 0.2V, 
RFSH = 0.2V 


- 


35 


50 


HA 




'dDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc f"'" 


- 




2 


mA 






CE only Refresh Current (Average) 
CE1, CE2, Address cycling: tRc = tpc i^'"- 


70ns version 




50 


70 






'dDF4 


80ns version 


- 


40 


60 


mA 


3 




100ns version 




oD 


OU 






'l(L) 


Input Leakage Current 

OV < V|N 2 Vdd> All other Inputs not under test = OV 






+10 


M 




'O(L) 


Output Leakage Current 

Output Disabled (CET = V|h or CE2 = V|l or OE = V|h or R/W = V|l), 
OV<Vout^Vdd 






±10 


HA 




VoH 


Output High Level 
'oh = "''•0 fTiA 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 





Note: FoMpDsi an d Ippp i with CE1 = V|h (CE2 = V||J, the specified iimlts are guaranteed under the condition CE2 = or CE2 = V|l 
(CE1 =V|H or CE1 = Vil). 

For lpDS2 and Iddf2 with CE1 > Vqd - 0.2V (CE2 < 0.2V), the specified limits are guaranteed under the condition CE2 > Vpo - 0.2V or CE2 < 0.2V 
(CE1 > Vqd - 0.2V or CE1 < 0.2V). 



Capacitance* (Vdd = 5V, Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C|i 


Input Capacitance (AO ~ A16) 




5 


PF 


C|2 


Input Capacitance (CE1 , CE2, OE, R/W, RFSH) 




7 


C|0 


Input/Output Capacitance 




7 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C, Vqo = 5V±10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-70 


-80 


-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tpc 


Random Read, Write Cycle Time 


115 




130 




160 










Read Modify Write Cycle Time 


160 




180 




220 








tcE 


CE Pulse Width 


70 


10 000 


80 


10 000 


100 


10 000 




13 


tp 


CE Precharge Time 


35 




40 




50 








^EA 


CE Access Time 




70 




80 




100 






tOEA 


DE Access Time 




25 




30 




40 






tCLZ 


CE to Output in Low -Z 


20 




20 




20 








tOLZ 


OE to Output in Low -Z 





















*WLZ 


Output Active from End of Write 





















tCHZ 


Chip Disable to Output in High-Z 





20 





20 





25 




9 


*OHZ 


OE Disable to Output in High-Z 





20 





20 





25 




9 


twHZ 


Write Enable to Output in High-Z 





25 





25 





30 




9 


*ODS 


OE Output Disable Setup Time 





















toDH 


OE Output Disable Hold Time 


10 




10 




10 








tRCS 


Read Command Setup Time 





















tRCH 


Read Command Hold Time 

















ns 




twp 


Write Pulse Width 


20 




25 




30 






twCH 


Write Command Hold Time 


35 


10 000 


40 


10 000 


50 


10 000 






tcWL 


Write Command to CE Lead Time 


20 


10 000 


25 


10 000 


30 


10 000 






bsw 


Data Setup Time from RAW 


15 




20 




25 






10 


bsc 


Data Setup Time from CE 


15 




20 




25 






10 


bHW 


Data Hold Time from RA/V 



















10 




Data Hold Time from CE 



















10 


*ASC 


Address Setup Time 



















11 


Uhc 


Address Hold Time 


20 




25 




30 






11 


tRHC 


RFSH Command Hold Time 


15 




15 




15 








tpc 


Auto Refresh Cycle Time 


115 




130 




160 








tRFD 


RFSH Delay Time from CE 


35 




40 




50 








tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8 000 


30 


8,000 


30 


8,000 




12 


tpp 


RFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


*PRS 


CE Delay Time from RFSH (Self Refresh) 


160 




160 




190 






12 


*REP 


Refresh Period (512 cycles, AO ~ A8) 




8 




8 




8 


ms 




tj 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 






tcES 


CE2 Low Setup Time 


5 




5 




5 




ns 


14 


tCEH 


CE2 Low Hold Time 


5 




5 




5 






14 
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3.0V Operation 



DC Recommended Operating Conditions 



SYMBOL 


PARAIVIETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


2.7 


3.0 


3.3 


V 


2 


V|H 


Input High Voltage 


Vdd - 0.2V 




Vdd + 1.0V 


V 


V|L 


Input Low Voltage 


-0.5 




0.2 


V 



DC Characteristics (Ta = ~ 70X, Vqd = 3.0V±0.3V) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

CE1, CE2, Address cycling: tpc = Irc mi"- 




15 


20 


mA 


3,4 


'dDS2 


Standby Current 




15 


25 


HA 




'dDF2 


Self Refresh Current (Average) 




15 


25 


HA 




'ddF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc min 






2 


mA 




'dDF4 


CE only Refresh Current (Average) 
CE1, CE2, Address cycling: tRc = Irc f^'i^- 




15 


20 


mA 


3 


l|(L) 


Input Leakage Current 

OV < V|N < VpD, All other Inputs not under test = OV 






±10 


mA 




'O(L) 


Output Leakage Current 
Output Disable, OV < Vqut ^ Vqd 






±10 


ma 




VoH 


Output High Level 


Iqh = -1mA 


2.4 






V 




Ioh = -100^lA 


Vdd - 0.2V 






Vol 


Output Low Level 


loL = 2.1mA 






0.4 


V 




loL= lOO^A 






0.2 
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AC Characteristics (Ta = ~ 70X, Vqd = 3.0V+0.3V) (Notes: 5, 6, 8) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


NOTES 




Random Read, Write Cycle Time 


240 








^RMW 


Read Modify Write Cycle Time 


320 








trc 


CE Pulse Width 


150 


10,000 




13 


tp 


CE Precharge Time 


80 








^CEA 


CE Access Time 




150 






^OEA 


OE Access Time 




80 






^CLZ 


CE to Output in Low -Z 


20 








^OLZ 


OE to Output in Low -Z 


5 








^WLZ 


Output Active from End of Write 


5 








^CHZ 


Chip Disable to Output in High-Z 





30 




9 


^OHZ 


OE Disable to Output in High-Z 





30 




g 


^WHZ 


Write Enable to Output in High-Z 





40 




9 


^ODS 


OE Output Disable Setup Time 











^ODH 


SE Output Disable Hold Time 


10 








^RCS 


Read Command Setup Time 











^RCH 


Read Command Hold Time 







ns 




^WP 


Write Pulse Width 


35 






^WCH 


Write Command Hold Time 


70 


10,000 






^CWL 


Write Command to CE Lead Time 


35 


10,000 






^DSW 


Data Setup Time from R/W 


30 






10 


^DSC 


Data Setup Time from CE 


30 






10 


^DHW 


Data Hold Time from R/W 









10 


^DHC 


Data Hold Time from CE 









10 


^ASC 


Address Setup Time 









11 


^AHC 


Address Hold Time 


35 






11 


^RHC 


RFSH Command Hold Time 


15 








tpr 

^rO 


Auto Refresh Cycle Time 


240 








^RFD 


RFSH Delay Time from CE 


80 








^FAP 


RFSH Pulse Width (Auto Refresh) 


50 


8,000 




12 


tpp 


RFSH Precharge Time 


50 






12 


^FAS 


RFSH Pulse Width (Self Refresh) 


8,000 






12 


Vrs 


CE Delay Time from RFSH (Self Refresh) 


300 






12 


tREF 


Refresh Period (512 cycles, AO ~ A8) 




8 


ms 




tT 


Transition Time (Rise and Fall) 


3 


50 






tCES 


CE2 Low Setup Time 


10 




ns 


14 


tCEH 


CE2 Low Hold Time 


10 






14 



Timing Reference Levels: 

Input Reference Levels: 1 .5V/1 .5V 
Output Reference Levels: 1 .5V/1 .5V 
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Notes: 

1) Stress greater than those listed under "Maxinnum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) boo and 

'ddf4 depend on the cycle time. 

4) Iddo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 00(is with high CE1 or low CE2 is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 
Input Levels 



V|H = 2.6V 
V|L = 0.6V 



INPUT 



2.6V. 



V|H = 2.4V 
V|L = 0.8V 



Input Reference Levels 
Output Reference Levels 
8) Measured with a load equivalent to 1 TTL load and 1 0OpF. 



OUTPUT 





"5.'4V 
-0 8V 








> 


-0 8V 



VoH = 2.2V 
Vol = 0-8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



9) k^HZ' ^OHZ' ^WHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10) For write cycles, the input data is latched at the earlier of R/W or CE1 rising edge (CE2 falling edge). Therefore, the input 
data must be valid during the setup time (tQsw or tQsc) and hold time foHw or tDHc)- 

11) All address inputs are latched at the falling edge of CE1 (rising edge of CE2). Therefore, all the address inputs must be valid 
during tAsc and tAHc- 



1 2) The t wo refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE1 =V|HorCE2 =V|l. 



Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tp^s (min.) 

The timing parameter tpps nnust be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 

13) The timings, tcE (min.) and tcE (max.) must be met for proper device operation. 



CE2 



VlH_ 
V|L- 

VlH_ 
V,L- 



CE2 




14) The timings, tcES (min.) and tcEH (min.) must be met when using CE1 and CE2 as shown below. 



Viu - 

1ST v^Z 

V|H_ 

CE2 v,L- 



V,H_ 
V,L- 



CE2 



VlH_ 
V|L- 



tas 
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Data Retention Characteristics (Ta = ~ 70°C) 



SYIVIBOL 


PARAIVIETER 


MIN. 


TYP. 


IMAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.7 




5.5 


V 


'dDF2 


Self Refresh Current 


Vdh = 3.0V 




15 


25 


HA 


Vdh = 5.5V 




35 


50 


tR 


Recovery Time 


5 






ms 



Vdd 



RFSH 



4.5V « 
VOH -. 

GND _ 



V|H 



GND 



V,H - . 

CE1 

V|L . 
GND ■ 



or 

V,H 

CE2 v,u 

GND 



tRFD 



1 




DATA RETENTION MODE 



0ns min. 



(SELF REFRESH) 



S0.2V 



tR 



2 Voo - 0.2V 



CE2 2 Voo - 0.2V or CE2 ^ 0.2V 



S0.2V 



a 



[. 



CET 2 Voo - 0.2V or err S 0.2V 



Notes: OE, R/W, AO ~ A1 6 = V|h or V||_ 

Iddfi Is applicable when RFSH = V|l (max.), CE1 = (min.), CE2 = V||_ (max.) 



D-74 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



static RAM TC51 81 28BPUBFLyBFWL/BFTL-70V/80V/1 OV 



Timing Waveforms 
Read Cycle 



AO - A16 



R/W 



1/01-1/08 




Write Cycle 1 (OE Fixed High) 



CE2 



A0~ A16 



ViH - 



R/W 



1/01-1/08 




HorL 



Note: The device can be operated by cycling CE1 (or CE2) oniy provided tiiat CE2 (or CE1 ) is connected to V|h (or VnJ. 
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Write Cycle 2 (OE Clocked) 




Write Cycle 3 (OE Fixed Low) 




Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1 ) is connected to V|h (or V||J. 
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Read Modify Write Cycle 



CE2 



A0~ A16 



J5i 



R/W 



1/01-1/08 
I VoH- 



rF5h 



VlH - 
V|L - 



tRMW 





CE Only Refresh 



CE2 



AO - A8 



V|H - 



R/W 



1/01-1/08 




VOH- 



V|H - 



Note:A9~A16 = V|HorV|L 

Note: The device can be operated by cycling CE1 (or CE2) oniy provided tliat CE2 (or CE1) is connected to V|h (or V||J. 



HorL 
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Auto Refresh 
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100 



50 - 



Iddf2 Vdd Characteristics 



Typ. 



Vdd 



Ta = 25"'C 



J I I L 



6 (V) 



Iddf2 Temp. Characteristics 



(/uA) 



60 _ 



40 



20 _ 



Typ. 



25 



Ta 



Voo= 3V 



70 rc) 
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Battery Backup Application Example 



Voo o 



2SA1015 



3%y S 




/TT" 



777- 777 



777 777- 



*1 : Ceramic condenser 
*2: Tantalum condenser 

(A large bypass condenser is preferable to absorb noise when the power supply is switched.' 



This circuit does not have memory protection. Therefore, rapid turnoff of the power supply must be avoided. Enter the Self 
Refresh mode before changing to the battery backup power supply 
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PRELIMINARY 



131,072 WORD X 8 BIT CMOS PSEUDO STATIC RAM 
Description 

The TC51 81 28C is a 1 M bit liigli speed CMOS pseudo static RAM organized as 1 31 ,072 words by 8 bits. The TC51 81 28C utilizes 
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacit y, high speed and low power storage. The 
TC518128C operates from a single 5V power supply Refreshing is supported by a refresh (RFSH) input which enables two types of 
refreshing - auto refresh and self refresh. The TC51 81 28C features a static RAM-like interface with a write cycle in which the input 
data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface. 

The TC51 81 280 is pin-compatible with the 1 M bit CMOS static RAM JEDEC standard and is available in a 32-pin, 0.6 inch and 
0.3 inch width plastic DP, a small outline plastic flat package, and a 32-pin thin small outline plastic package (forward type). 



Features 

• Organization: 1 31 ,072 words x 8 bits 

• Single 5V power supply 

• Fast access time 





TC518128C Family 


-70 


-80 


-10 


tcEA Access Time 


70ns 


80ns 


100ns 


toEAOE Access Time 


25ns 


30ns 


40ns 


tpc Cycle Time 


115ns 


130ns 


160ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


1 0OjiA (L version) 
50|iA (LL version) 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 512 refresh cycles/8ms 

• Auto refresh power down feature 

• Pin compatible: 1 M SRAM (JEDEC) 

• Package 



- TC518128CPL 

- TC518128CFL 

- TC518128CSPL 

- TC518128CFWL 

- TC518128CFTL 



DIP32-P-600 

SOP32-P-450 

DIP32-P-300 

SOP32-P-525 

TSOP32-P-0820 



Pin Connection (Top View) 





TC51 81 28CFTL( Forward) 



TC5 1 8 1 28CPL / CFl / CSPL / CFWL 



Pin Names 



AO ~ A16 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


RFSH 


Refresh Input 


CET, CE2 


Chip Enable Inputs 


1/01 ~ I/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



(TSOP) 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


As 


Al3 


R/W 


CE2 


Al5 


Vdd 


RFSH 


A16 


Al4 


A12 


Ay 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


I/06 


I/07 


1/08 


CE1 


A10 


OE 
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Block Diagram 



1 1 



r\ COLUMN 
A 16-9 a; ADDRESS 

W BUFFER (8) 



r-\ ROW 
A8-0 9 > ADDRESS 
11/ BUFFER (9 



01 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



REFRESH 
C0UNTER(9) 



CLOCK 
C£20»- GENERATOR 



o- 



512 



MEMORY 
ARRAY 
512x256x8 



3^ 

CL CO 

— ec 

Mi 
K u. 
O CO 



a. ^ 

h- 00 

Ooc 

Ui 

<u. 

Oca 



REFRESH 
CONTROLLER 



REFRESH 
TIMER 



R/Wo- 



:4> 



01 

s 

1/08 



Operating Mode 



PIN 

IVIODE 
















CE1 


CE2 


OE 


R/W 


RFSH 


A0~A16 


1/01 - 8 


Read 


L 


H 


L 


H 




V* 


OUT 


Write 


L 


H 




L 




V* 


IN 


CE only Refresh 


L 


H 


H 


H 




V* 


HZ 


Auto/Self Refresh 


H 








L 




HZ 


Auto/Self Refresh 




L 






L 




HZ 


Standby 


H 








H 




HZ 


Standby 




L 






H 




HZ 



H = High level Input (V|h) 
L = Low level Input (VnJ 

* =V|HorV|L 

V* = At the falling edge of CE1 (CE2 = H) or the rising edge of CE2 (CE1 = L), all address Inputs are latched. At all other times, the address Inputs are "*". 
HZ = High impedance 



Maximum Ratings 



SYIVIBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




Vqut 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




TOPR 


Operating Temperature 


0-70 


°c 


1 


TSTRG 


Storage Temperature 


-55-150 


°c 


^SOLDER 


Soldering Temperature • Time 


260*10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYIMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 




Vdd + 1-0 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 



DC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


MIN. 


TYR 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

CE1, CE2, Address cycling: tpic = tpc nnin. 


70ns version 


- 


50 


70 


mA 


3,4 


80ns version 




40 


60 


1 00ns version 




35 


50 


'ddsi 


Standby Current 

CE1 = V|H or CE2 = V|l, RFSH = V|h 






1 


mA 




'dDS2 


Standby Current 

CeT = Vdd - 0-2V or CE2 = 0.2V, 
RFSH = Vdd - 0.2V 


L version 


- 


50 


100 


^lA 




LL version 




OO 


Ok) 


■ 1 A 


'ddfi 


Self Refresh Current (Average) 
CET = V|H or CE2 = V|l, 
RFSH = V|L 






1 


mA 




'dDF2 


Self Refresh Current (Average) 
CE1 = Vdd - 0.2V or CE2 = 0.2V, 
RFSH = 0.2V 


L version 


_ 


50 


100 






LL version 


- 


35 


50 


mA 


'dDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc min 






2 


mA 




'dDF4 


CE only Refresh Current (Average) 
CEI, CE2, Address cycling: tpc = tRc "^'n- 


70ns version 




50 


70 


mA 


3 


80ns version 




40 


60 


1 00ns version 




35 


50 


l|(L) 


Input Leakage Current 

OV < V|N < Vdd> All other Inputs not under test = OV 






±10 


HA 




'O(L) 


Output Leakage Current 

Output Disabled (GET = V|h or CE2 = V|l or OE = V|h or R/W = V|l), 

OV<Vout^Vdd 






±10 


\iA 




VoH 


Output High Level 
loH = -1mA 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 




Note: For Iqdsi ^^d Iddfi with CE1 = Vm (CE2 = ViJ, the specified limits are guaranteed under the condition CE2 = or CE2 = V|l 
(CEI =V|H or CE1 = V|l). 

For Idds2 and Iddf2 with CEI > Vqd - 0.2V (CE2 < 0.2V), the specified limits are guaranteed under the condition CE2 > Vqd - 0.2V or CE2 <. 
{CE1 > Vdd - 0.2V or CEI < 0.2V). 

Capacitance* (Vqd = 5V, Ta = 25°C, f = 1 1VIHz) 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 






Input Capacitance (AO ~ A1 6) 




5 


PF 


C|2 


Input Capacitance (CEI, CE2, OE, R/W, RFSH) 




7 


C|0 


Input/Output Capacitance 




7 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) (Notes: 5, 6, 7, 8) 



SYIVIBOL 


PARAMETER 


-70 


-80 


-10 


UNIT 


NOTES 


MIN. 


IVIAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read, Write Cycle Time 


115 


_ 


130 


_ 


160 


_ 






tRMW 


Read Modify Write Cycle Time 


160 


_ 


180 


_ 


220 


_ 






tCE 


CE Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 




13 


tp 


CE Precharge Time 


35 


_ 


40 


_ 


50 


_ 






tCEA 


CE Access Time 


_ 


70 


_ 


80 


_ 


100 






toEA 


OE Access Time 


_ 


25 


_ 


30 


_ 


40 






*CLZ 


CE to Output in Low -Z 


20 


_ 


20 


_ 


20 


_ 






tOLZ 


0E to Output in Low -Z 





_ 





_ 





_ 






twLZ 


Output Active from End of Write 





_ 





_ 





_ 






tCHZ 


Chip Disable to Output in High-Z 





20 





20 





25 




9 


*OHZ 


UE Disable to Output in High-Z 





20 





20 





25 




9 


twHZ 


Write Enable to Output in High-Z 





25 





25 





30 




9 


bos 


OE Output Disable Setup Time 





_ 





_ 





_ 






tODH 


OE Output Disable Hold Time 


10 


_ 


10 


_ 


10 


_ 






Ircs 


Read Comhnand Setup Time 





_ 





_ 





_ 






tRCH 


Read Command Hold Time 










_ 





_ 


ns 




twp 


Write Pulse Width 


20 





25 


_ 


30 


_ 




twCH 


Write Command Hold Time 


35 


10,000 


40 


10,000 


50 


10,000 






tcWL 


Write Command to CE Lead Time 


20 


10,000 


25 


10,000 


30 


10,000 








Data Setup Time from R/W 


15 


_ 


20 


_ 


25 


_ 




10 




Data Setup Time from CE 


15 


_ 


20 


_ 


25 


_ 




10 




Data Hold Time from R/W 





_ 





_ 





_ 




10 


tOHC 


Data Hold Time from CE 





_ 





_ 





_ 




10 


Use 


Address Setup Time 





_ 





_ 





_ 




11 


'ahc 


Address Hold Time 


20 


_ 


25 


_ 


30 


_ 




11 


Irhc 


RFSH Command Hold Time 


15 


_ 


15 


_ 


15 


_ 






tpc 


Auto Refresh Cycle Time 


115 


_ 


130 


_ 


160 


_ 






tRFD 


RFSH Delay Time from CE 


35 


_ 


40 


_ 


50 


_ 






tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 


tpp 


RFSH Precharge Time 


30 


_ 


30 


_ 


30 


_ 




12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


160 




160 




190 






12 


*REP 


Refresh Period (512 cycles, AO ~ A8) 




8 




8 




8 


ms 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 




tCES 


CE2 Low Setup Time 


5 




5 




5 




ns 


14 


tCEH 


CE2 Low Hold Time 


5 




5 




5 




ns 


14 
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Notes: 

1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) boo ^i^d 'ddf4 depend on the cycle time. 

4) boo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of lOO^is with high CE1 or low CE2 is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 
Input Levels 



V|H = 2.6V 
V|L = 0.6V 



INPUT 



2.6V' 
0.6V- 



V|H = 2.4V 
V|L = 0.8V 



Input Reference Levels 
Output Reference Levels 
8) Measured with a load equivalent to 1 TTL load and 1 0OpF. 



OUTPUT 







-2.4V 
-ORV 








> 


-2.2V 
-0 8V 









VoH = 2.2V 
Vol = 0-8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



9) tcHZ> ^OHZi hiHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10) For write cycles, the input data is latched at the earlier of R/W or CE1 rising edge (CE2 falling edge). Therefore, the 
input data must be valid during the setup time (tQsw or tQsc) hold time (toHw oi" foHc)- 

11) All address inputs are latched at the falling edge of CE1 (rising edge of CE2). Therefore, all the address inputs must be 
valid during t^sc ^i^d t^HC- 



12 ) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE1 = V|H or CE2 V|L. 



Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tp^s (min.) 

The timing parameter tpps nnust be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 

13) The timings, t^E (nnin.) and tcE (max.) must be met for proper device operation. 




CE2 



VlH_ 
VlL - 

V|H_ 
V|L- 



14) The timings, tcEs (^^ii^-) ^i^d tcEH i^^'^-) "T^ust be met when using CE1 and CE2 as shown below. 



CE2 v,L 



CET 



V,H_ 
V|L- 



V,H_ 

CE2 v„- 



tciH 



PRELIMINARY 
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TC51 81 28CPLyCSPLyCFL/CFWL/CFTL-70/80/1 
TC518128CPLyCSPL/CFLyCFWLyCFTL-70Ly80Lyi0L Static RAM 



Timing Waveforms 
Read Cycle 




l/01~l/08 



Write Cycie 1 (OE Fixed High) 



CE2 



V|H 



AO - A16 



R/W 



1/01-1/08 



fERH 




H orL 



Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1 ) is connected to V|h (or VJ. 
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TC51 81 28CPLyCSPL/CFUCFWLyCFTL-70/80/1 
Static RAM TC518128CPL/CSPLyCFL/CFWLyCFTL-70U80L/10L 





1/01-1/08 

VOH- 
VoL-' 



-OUT 



< DATA-IN \- 

HZ ^ 



]?F5H 



V|H - 
VlL - 




HorL 



Note: The device can be operated by cycling CE1 (or CE2) oniy provided tliat CE2 (or CE1 ) is connected to V|h (or V||_). 



PRELIMINARY 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



D-87 



TC51 81 28CPL/CSPLyCFUCFWLyCFTL-70/80/1 
TC518128CPLyCSPLyCFL/CFWL/CFTL-70Ly80L/10L Static RAM 



Read Modify Write Cycle 




CE Only Refresh 



CE2 



AO - A8 



R/W 



1/01-1/08 



RF5R 



Note:A9~A16 = V|H or V, 




HorL 



Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1 ) is connected to V|h (or V|l). 
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TOSHIBA 



TC518129AP/ASP/AF/AFWW10/12 

TC518129APL/ASPL/AFL/AFWL80/10/12 

TC518129AFTL«0/10/12 



SILICON GATE CMOS 

131,072 WORD X 8 BIT CMOS PSEUDO STATIC RAM 

Description 

The TC51 81 29A is a 1 M bit hgh speed CMOS pseudo static RAM organized as 1 31 ,072 words by 8 bits. The TC51 81 29A utilizes 
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacit y, high speed and low power storage. The 
TC51 81 29A operates from a single 5V power supply. Refreshing is supported by a refresh (RFSH) input which enables two types of 
refreshing - auto refresh and self refresh. The TC51 81 29A features a static RAM-like interface with a write cycle in which the input 
data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface. 

A CS standby mode interface is incorporated in the TC51 81 29A family, with the CE2 pin in the TC51 81 28A family changed to a 
CS pin. TheTC518129A is available in a 32-pin, 0.6 inch and 0.3 inch width plastic DIR a small outline plastic flat package, and a 
32-pin thin small outline plastic package (forward type). 



Features 

• Organization: 131 ,072 words x 8 bits 

• Single 5V power supply 

• Fast access time 



Pin Connection (Top View) 





TC51 81 29A Family 


-80 


-10 


-12 


tcEA^ Access Time 


80ns 


100ns 


120ns 


toEA ^ Access Time 


35ns 


40ns 


50ns 


tfic Cycle Time 


130ns 


160ns 


190ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


1 mA/200nA (L version) 




16 



S32 
17 



ICS 1 81 29AFTL { Forward ) 



• Auto refresh is supported by an intemal refresh address counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 51 2 refresh cycles/8ms 

• Auto refresh power down feature 

• Package 

- TC518129AP/APL : DIP32-P-600 

- TC518129AF/AFL : SOP32-P-450 

- TC518129ASP/ASPL : DIP32-P-300 

- TC518129AFW/AFWL : SOP32-P-525 

- TC518129AFTL : TSOP32-P-0820 



(TSOP) 



ICS 1 8 1 29 APL / AFL / AS PL / AFWL 



Pin Names 



AO ~ A16 


Address Inputs 




Read/Write Control Input 




Output Enable input 


RFSH 


Refresh Input 




Chip Enable Input 


CS 


Chip Select Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


As 


Al3 


R/W 


CS 


Al5 


Vdd 


RFSH 


A16 


Ai4 


A12 


A7 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 




A10 
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TC51 81 29AP/ASP/AF/AFW-80/1 0/1 2 

TC51 81 29APL/ASPUAFL/AFWL/AFTL-80/1 0/1 2 Static RAM 



Block Diagram 



Vdo gnd 

1 1 



r\ COLUMN 
A16-9 8; ADDRESS 

W BUFFER (8) 



A8-0 



ROW 
ADDRESS 
BUFFER (9) 



REFRESH 
C0UNTER(9) 
^ 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



Jt 



Cic 



CLOCK 
GENERATOR 



512 



iS6x8 



MEMORY 
ARRAY 
512x256x8 



CL 00 

2'-' 

— OC 
UJ 

<«- 

K u. 

%^ 
O OB 



LV2 



3 

t- 00 

Go: 



O 
ea 



L/Ol 

m/08 



rF5ho- 

^ o- 



R/Wo- 



r 



REFRESH 
CONTROLLER 



REFRESH 
TIMER 



Operating Mode 



PIN 

MODE ^^^^^^ 
















CE 


CS 


OE 


R/W 


RFSH 


A0~A16 


1/01 - 8 


Read 


L 


H 


L 


H 




V* 


OUT 


Write 


L 


H 




L 




V* 


IN 


only Refresh 


L 


H 


H 


H 




V* 


HZ 


CS Standby 


L 


L 










HZ 


Auto/Self Refresh 


H 








L 




HZ 


Standby 


H 








H 




HZ 



H = High level input (V|h) 
L = Low level input (ViJ 
* =V|HorV|L _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are "*". 
HZ = High impedance 



ly^aximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0 ~ 7.0 


V 




Vqut 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




Tqpr 


Operating Temperature 


0-70 


°c 


1 


TSTRG 


Storage Temperature 


-55-150 


°c 


TsOLDER 


Soldering Temperature • Time 


260' 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 1-0 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 



DC Characteristics CTa = ~ 70°C, Vdq = 5V±10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


NOTES 




Operating Current (Average) 

CE, Address cycling: tpc = tpc min. 


80ns version 




50 


70 






'ddo 


1 00ns version 


_ 


40 


60 


mA 


3,4 




1 20ns version 


- 


35 


50 






'ddsi 


Standby Current 


Normal version 


- 


- 


2 


mA 




CE = V|H,RFSH= V,H 


L version 


- 


- 


1 






Standby Current 
UE = Vdd - 0.2V, 
RFSH = Vdd - 0.2V 


Normal version 


- 




1 


mA 




'dDS2 


L version 




1 nn 
1 uu 










Self Refresh Current (Average) 
UE = V,H, 
RFSH = V,L 


Normal version 


- 




2 


mA 




'ddfi 


L version 






.| 






Self Refresh Current (Average) 

= Vdd - 0.2V 
RF$H = 0.2V 


Normal version 


_ 


_ 


1 


mA 




IdDF2 


L version 


- 


100 


200 


ma 




'dDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc mi" 






2 


mA 






only Refresh Current (Average) 
UE, Address cycling: tpc = tpc friin. 


80ns version 




50 


70 






•dDF4 


1 00ns version 




40 


60 


mA 


3 




1 20ns version 




35 


50 






l|(L) 


Input Leakage Current 

OV < V|N < Vdd, All other Inputs not under test = OV 






±10 


iiA 




'O(L) 


Output Leakage Current 

Output Disabled (CE = V,h or UE = V|h or R/W = V|l), 
OV < VouT ^ Vdd 






±10 


HA 




VoH 


Output High Level 
loH = -5mA 


2.4 






V 




Vol 


Output Low Level 
Iql = 4.2mA 






0.4 


V 




Capacitance* (Vdd = 5V, Ta = 25°C, f = IIVIHz) 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 




C|i 


Input Capacitance (AO ~ A1 6) 




5 






C|2 


Input Capacitance (CE, CS, DE, RA/V, RFSH) 




7 


PF 






Input/Output Capacitance 




7 







*This parameter is periodically sampled and is not 100% tested. 
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TC518129AP/ASP/AF/AFW-80/10/12 

TC518129APL/ASPL/AFL/AFWL/AFTL-80/10/12 Static RAM 



AC Characteristics (Ta = ~ 70°C, Vdd = 5V±10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-80 


-10 


-12 


UNIT 


NOTES 


MIN. 


MAX. 


MiN. 


MAX. 


MIN. 


MAX. 




Random Read, Write Cycle Time 


130 


_ 


160 


_ 


190 


_ 








Read Modify Write Cycle Time 


195 


_ 


235 


_ 


280 


_ 






tcE 


CE Pulse Width 


80 


10,000 


100 


10,000 


120 


10,000 






tp 


CE Precharge Time 


40 


_ 


50 


_ 


60 


_ 






tCEA 


CE Access Time 


_ 


80 


_■ 


100 


_ 


120 






toEA 


0E Access Time 


_ 


35 


_ 


40 


_ 


50 






tCLZ 


CE to Output in Low -Z 


30 


_ 


30 


_ 


30 


_ 






k>LZ 


OE to Output in Low -Z 





_ 





_ 





_ 






tWLZ 


Output Active from End of Write 





_. 





_ 





_ 






k;Hz 


Chip Disable to Output in High-Z 





25 





30 





35 




9 


k)HZ 


DE Disable to Output in HIgh-Z 





25 





30 





35 




9 


twHZ 


Write Enable to Output in High-Z 





25 





30 





35 




9 


tODS 


DE Output Disable Setup Time 





_ 





_ 





_ 






k)DH 


DE Output Disable Hold Time 


10 


_ 


10 


_ 


10 


_ 






tfiCS 


Read Command Setup Time 





_ 





_ 





_ 






tRCH 


Read Command Hold Time 





_ 





_ 





_ 






tcss 


Chip Select Setup Time 





_ 





_ 





_ 


ns 




tcSH 


Chip Select Hold Time 


20 


_ 


25 


_ 


30 


_ 






Write Pulse Width 


60 


_ 


70 


_ 


85 


_ 






twCH 


Write Command Hold Time 


60 


10,000 


70 


10,000 


85 


10,000 






tcWL 


Write Command to CE Lead Time 


60 


10,000 


70 


10,000 


85 


10,000 








Data Setup Time from R/W 


30 


_ 


35 


_ 


45 


_ 




10 


tosc 


Data Setup Time from CE 


30 


_ 


35 


_ 


45 


_ 




10 


toHW 


Data Hold Time from R/W 





_ 





_ 





_ 




10 




Data Hold Time from CE 





_ 





_ 





_ 




10 


Use 


Address Setup Time 





_ 





_ 





_ 




11 




Address Hold Time 


20 


_ 


25 


_ 


30 


_ 




11 


^RHC 


RFSH Command Hold Time 


15 


_ 


15 


_ 


15 


_ 






tpc 


Auto Refresh Cycle Time 


130 


_ 


160 


_ 


190 


_ 






tfiPD 


RFSH Delay Time from UE 


40 


- 


50 


_ 


60 


_ 






tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 


tpp 


RFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


UE Delay Time from RFSH (Self Refresh) 


160 




190 




225 






12 


tpEP 


Refresh Period (512 cycles, AO ~ A8) 




8 




8 




8 


ms 






Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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Static RAM TC51 81 29APL/ASPL/AFL/AFWL/AFTL-80/1 0/1 2 



Notes: 

1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) Iddo ^i^cI Iddf4 depend on the cycle time. 

4) boo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 00ns with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 

7) Timing reference levels 

Input Levels : V|h = 2.6V 

V|L = 0.6V 

Input Reference Levels : Vm = 2.4V 

V|L = 0.8V 

Output Reference Levels : Vqh = 2.2V 

Vol = 0.8V 

8) Measured with a load equivalent to 2 TTL loads and 1 0OpF. 

9) tcHz. toHZ' ^WHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10) For write cycles, the input data is latched at the earlier of RAN or CE rising edge. Therefore, the input data must 
be valid during the setup time (tpsw o'' ^dsc) ="^^1 hold time (tpHw or toHc)' 

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during t^sc and tAHc- 



1 2) The two refresh ope rations , auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = Vih- 
Auto refresh : RFSH pulse width < tpAP (max.) 
Self refresh : RFSH pulse width > tp^s (i^iin.) 

The timing parameter tpps must be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 



INPUT 



OUTPUT 



2.6 V • 
0.6V' 





-i.iiv - 

-ORV 








> 


-2.iv 

-0 8V 



INPUT REFERENCE 
LEVEL 



OUTPUT REFERENCE 
LEVEL 
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TC51 81 29AP/ASP/AF/AFW-80/1 0/1 2 

TC51 81 29APL/ASPL/AFUAFWUAFTL-80/1 0/1 2 Static RAM 



Timing Waveforms 



Read Cycle 




Write Cycle 1 (OE Fixed Higli) 




0^96 
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Auto Refresh 



tRFO 



Jee. 



V|H - 



tFC 



tFAP 



l/01~l/08 



VoH - 



Vol - 

NOTE : CS, OE, R/W, AO - A1 6 = V|h or V|l 



OPEN 



Self Refresh 



ViH - 

V,L - 



4 ^K^P 



Vn - 



7~1 



1/01-1/08 



VoH - 



Vol - 

NOTE : CS, OE, R/W, AO - A1 6 = V|h or V||_ 



OPEN 



CS standby Mode 



ViH -■ 




l/01~V08 



VoH 



Vol - 

NOTE : SE, ran, AO - A16 = V|h or V|l 



OPEN 



HorL 
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TOSHIBA 



TC518129APL/AFL/AFWL^LV/10LV/12LV 
TC518129AFTL^LV/10LV/12LV 



SILICON GATE CMOS 

131,072 WORD X 8 BIT CMOS PSEUDO STATIC RAM 

Description 

The TC51 81 29A-LV is a 1 M bit Inigh speed CMOS pseudo static RAM organized as 1 31 ,072 words by 8 bits. Tlie TC51 81 29A-LV 
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and l ow pow er 
storage. The TC51 81 29A-LV operates from a single power supply of 3. 1 35V ~ 5.5V. Refreshing is supported by a refresh (RFSH) 
input which enables two types of refreshing - auto refresh and self refresh. The TC51 81 29A-LV features a static RAM-like interface 
with a write cycle in which the input data is written into the memory cell at the rising edge of RAN thus simplifying the microproces- 
sor interface. 

A CS standby mode interface is incorporated in the TC51 81 29A-LV family with the CE2 pin in the TC51 81 28A-LV family changed 
to a CS pin. The TC518129A-LV is available in a 32-pin, 0.6 inch width plastic DIR a small outline plastic flat package, and a 32-pin 
thin small outline plastic package (forward type). 



Features 

• Organization: 1 31 ,072 words x 8 bits 

• Low voltage operation: 3. 1 35V ~ 5.5V 

• Data retention supply voltage: 3.0V ~ 5.5V 

• Fast access time 



Pin Connection (Top View) 





TC518129A-LV Family 


-80 


-10 


-12 


tcEA^ Access Time 


80ns 


lOOns 


120ns 


toEA^ Access Time 


35ns 


40ns 


50ns 


tpc Cycle Time 


130ns 


160ns 


190ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


5.5V 


200nA 


3.0V 


lOOnA 



• Auto refresh is supported by an internal refresh address counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 51 2 refresh cycles/8ms 

• Auto refresh power down feature 

• Package 

- TC518129APL: DIP32-P-600 

- TC518129AFL: SOP32-P-450 

- TC518129AFWL: SOP32-P-525 

- TC518129AFTL:TSOP32-P-0820 



(TSOP) 



RFSHC 1 
A16C 2 
A14C 3 
A12C 4 
A7C 5 
A6C 6 
A5C 7 
A4C: 8 
A3C 9 
A2C 10 
A1 C 1 1 
AQC 12 
1/01 C 13 
I/02C 14 
I/03C 15 
GNOC 16 



32 3 Voo 
31 3 A15 
30 3 CS 
29 3 R/W 
28 3 A13 
27 3 AS 
26 3 A9 
25 3 All 
24 3 OE 
23 3 AID 
22 3 CE 
21 3 U08 
20 3 1/07 
19 3 1/06 
18 3 1/05 
17 3 IAD4 



1 = O 
16^— 



§32 

17 



TC5 181 29AFTL( Forward) 



TC5 1 8 1 29 APL / AFL / AFWL 



Pin Names 



AO ~A16 


Address Inputs 


R/W 


Read/Write Control Input 




Output Enable Input 


RFSR 


Refresh Input 




Chip Enable Input 


CS 


Chip Select Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


Ag 


Afl 


Al3 


R/W 


CS 


Al5 


Vdd 


RFSH 


A16 


Al4 


A12 


A7 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 




A10 


CE 
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Block Diagram 



_1 1 



r\ COLUMN ft 
A16-9 8; ADDRESS 

W BUFFER (8) 



A8-0 



REFRESH 
C0UNTER(9) 



CSC 



CLOCK 
GENERATOR 



R/W o- 



ROW 
ADDRESS 
BUFFER (9) I 



COLUMN 
DECODER 



O 
O 
u 



:4> 



SENSE AMP. 
I/O GATE 




;2S6x8; 





512 



MEMORY 

ARRAY 
512x256x8 



3 

Q. 00 

— ec 

UJ 

o 



Li/ 



3 

Q. ^ 
H- 00 

Oec 

UJ 

<u. 
>- u. 

O 00 



ll/OI 

m/08 



REFRESH 
CONTROLLER 



REFRESH 
-H TIMER 



Operating Mode 



PIN 












A0~A16 




MODE ^^^^---.^^^^ 


CE 


CS 


OE 


R/W 


RFSH 


1/01 - 8 


Read 


L 


H 


L 


H 




V* 


OUT 


Write 


L 


H 




L 




V* 


IN 


only Refresh 


L 


H 


H 


H 




V* 


HZ 


CS Standby 


L 


L 










HZ 


Auto/Self Refresh 


H 








L 




HZ 


Standby 


H 








H 




HZ 



H = High level Input (V|h) 
L = Low level input (V|l) 
* =V|HorV|L _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are "*". 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1 .0-7.0 


V 




VoUT 


Output Voltage 


-1 .0 ~ 7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




Tqpr 


Operating Temperature 


~ 70 


°c 


1 


TsTRG 


Storage Temperature 


-55-150 


°c 


TsOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




■out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 




Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 1-0 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 


DC Characteristics (Ta = ~ 70^C, Vqd = 5V±10%) 




SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

UE, Address cycling: tRc = tRc min. 


80ns version 




50 


70 


mA 


3,4 


1 00ns version 




40 


60 


1 20ns version 


_ 


35 


50 


■ddsi 


Standby Current 

CE = V|H,RF5H = V|H 






1 


mA 




'dDS2 


Standby Current 
= Vdd - 0.2V, 
T5F5H = Vdd - 0.2V 


- 


100 


200 


HA 




'ddfi 


Self Refresh Current (Average) 

^ = V,H, 

RF5H = V|u 


_ 





1 


mA 




IdDF2 


Self Refresh Current (Average) 
CE = Vdd -0.2V, 
RFSH = 0.2V 




1 00 


200 


IxA 




'dDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tFC "i'" 






2 


mA 




IdDF4 


CE only Refresh Current (Average) 
UE, Address cycling: tpc = tpc min- 


80ns version 




50 


70 


mA 


3 


1 00ns version 




40 


60 


1 20ns version 




35 


50 


l|(L) 


Input Leakage Current 

OV < V|N < Vdd. AH other Inputs not under test = OV 






+10 


HA 




'O(L) 


Output Leakage Current 

Output Disabled (UE = V|h or DE = V|h or R/W = V|l), 
OV<Vout^Vdd 






±10 


ma 




VoH 


Output High Level 
loH = -5mA 


2.4 






V 




Vol 


Output Low Level 
Iql = 4.2mA 






0.4 


V 




Capacitance* ^dd = 5V, Ta = 25°C, f = 1MHz) 




SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 




C|i 


Input Capacitance (AO ~ A1 6) 




5 


PF 


C|2 


Input Capacitance (CE, CS, DE, R/W, RFSH) 




7 


Cio 


Input/Output Capacitance 




7 



*Thls parameter is periodically sampled and is not 1 00% tested. 
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AC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) (Notes: 5, 6, 7, 8) 



SYIHBOL 


PARAMETER 


-80 


-10 


-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Random Read, Write Cycle Time 


130 


- 


160 


- 


190 


- 






tRMW 


Read Modify Write Cycle Time 


195 


- 


235 





280 


- 






tcE 


Pulse Width 


80 


10,000 


100 


10,000 


120 


10,000 






tp 


CE Precharge Time 


40 


- 


50 


- 


60 


- 






*CEA 


Access Time 


- 


80 


- 


100 


- 


120 






tOEA 


Access Time 


- 


35 


- 


40 


- 


50 






tCLZ 


CE to Output in Low -Z 


30 


- 


30 


- 


30 


- 






k)LZ 


DE to Output in Low -Z 





- 





- 





- 






twLZ 


Output Active from End of Write 





- 





- 





- 






tCHZ 


Chip Disable to Output in High-Z 





25 





30 





35 




9 


k)HZ 


DE Disable to Output in High-Z 





25 





30 





35 




9 


tWHZ 


Write Enable to Output in High-Z 





25 





30 





35 




9 


toDS 


UE Output Disable Setup Time 





- 





- 





- 






tODH 


CE Output Disable Hold Time 


10 


- 


10 


- 


10 


- 






tfiCS 


Read Command Setup Time 





- 





- 





- 








Read Command Hold Time 





- 





- 





- 






tcss 


Chip Select Setup Time 





- 





- 





- 


ns 




tcSH 


Chip Select Hold Time 


20 


- 


25 


- 


30 


- 




twp 


Write Pulse Width 


60 


- 


70 


- 


85 


- 






twCH 


Write Command Hold Time 


60 


10,000 


70 


10,000 


85 


10,000 






tcWL 


Write Command to CE Lead Time 


60 


10,000 


70 


10,000 


85 


10,000 






tosw 


Data Setup Time from R/W 


30 


- 


35 


- 


45 


- 




10 


tosc 


Data Setup Time from UE 


30 


- 


35 


- 


45 


- 




10 


tOHW 


Data Hold Time from R/W 





- 





- 





- 




10 




Data Hold Time from CE 





- 





- 





- 




10 


Use 


Address Setup Time 





- 





- 





- 




11 




Address Hold Time 


20 


- 


25 


- 


30 


- 




11 


tpHC 


RFSH Command Hold Time 


15 


- 


15 


- 


15 


- 






tpc 


Auto Refresh Cycle Time 


130 


- 


160 


- 


190 


- 






tRFD 


RFSH Delay Time from CE 


40 


- 


50 


- 


60 


- 






tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 


tpp 


RFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


160 




190 




225 






12 


tREF 


Refresh Period (512 cycles, AO ~ A8) 




8 




8 




8 


ms 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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3.3V Operation 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


3.135 


3.3 


3.465 


V 


2 


V|H 


Input High Voltage 


Vdd - 0.2V 




Vdd+1-OV 


V 


V|L 


Input Low Voltage 


-0.5 




0.2 


V 



DC Characteristics (Ta = ~ 70°C, Vqq = 3.3V±5%) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

CE, Address cycling: tpc = tpc min. 




15 


20 


mA 


3,4 


IdDS2 


Standby Current 




50 


100 


IxA 




IdDF2 


Self Refresh Current (Average) 




50 


100 






'dDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc m'" 






2 


mA 




'dDF4 


CE only Refresh Current (Average) 
UE Address cycling: tpc = Irc m'"- 




15 


20 


mA 


3 


l|(L) 


Input Leakage Current 

OV < V|N < Vdd. All other inputs not under test = OV 






±10 


ma 




'O(L) 


Output Leakage Current 
Output Disable, OV < Vqut ^ Vdd 






±10 


UA 




VoH 


Output High Level 


loH = -1mA 


2.4 






V 




loH = -100nA 


Vdd - 0.2V 






Vol 


Output Low Level 


loL = 2.1mA 






0.4 


V 




Iql = 1 0OnA 






0,2 
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AC Characteristics (Ta = ~ 7(yC, Vqd = 3.3V±5%) (Notes: 5, 6, 8) 



SYMBOL 


PARAIVIETER 


MIN. 


MAX. 


UNIT 


NOTES 


tpc 


Random Read, Write Cycle Time 


300 


- 








Read Modify Write Cycle Time 


405 


- 






tCE 


CE Pulse Width 


200 . 


10,000 






tp 


CE Precharge Time 


90 


- 






tCEA 


CE Access Time 


- 


200 






tOEA 


DE Access Time 




80 






tCL2 


UE to Output in Low -Z 


40 


- 






tOLZ 


CE to Output in Low -Z 


5 


- 






tWLZ 


Output Active from End of Write 


5 


- 






tCHZ 


Cfiip Disable to Output in High-Z 





50 




9 


tOHZ 


Disable to Output in High-Z 





50 




9 


tWHZ 


Write Enable to Output in High-Z 





50 




9 


tODS 


DE Output Disable Setup Time 





- 






k)DH 


DE Output Disable Hold Time 


10 


- 






tpcs 


Read Command Setup Time 





- 






tRCH 


Read Command Hold Time 





- 






twp 


Write Pulse Width 


100 


- 


ns 




twCH 


Write Command Hold Time 


100 


10,000 






tcWL 


Write Command to CE Lead Time 


100 


10,000 






tosw 


Data Setup Time from R/W 


50 


- 




10 


tosc 


Data Setup Time from UE 


50 


- 




10 


toHW 


Data Hold Time from R/W 





- 




10 


tOHC 


Data Hold Time from CE 





- 




10 


Use 


Address Setup Time 





- 




11 


Uhc 


Address Hold Time 


35 


- 




11 


tRHC 


RFSH Command Hold Time 


15 


- 






tpc 


Auto Refresh Cycle Time 


300 


- 






tRFD 


RFSH Delay Time from CE 


90 


- 






tpAP 


RFSH Pulse Width (Auto Refresh) 


50 


8,000 




12 


tpp 


RFSH Precharge Time 


50 






12 


tpAS 


RFSR Pulse Width (Self Refresh) 


8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


300 






12 


tREF 


Refresh Period (51 2 cycles, AO ~ A8) 




8 


ms 




tj 


Transition Time (Rise and Fall) 


3 


50 


ns 





Timing Reference Levels: 

Input Reference Levels: 1 .5V/1 .5V 
Output Reference Levels: 1 .5V/1 .5V 
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Notes: 

1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) Iddo 3"^^ Idqp4 depend on the cycle time. 

4) Iddo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 00|xs with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 



Input Levels 




2.6V 




V|L = 


0.6V 


Input Reference Levels 


: V|H = 


2.4V 




V|L = 


0.8V 


Output Reference Levels 


: VoH 


= 2.2V 




VoL = 


= 0.8V 



INPUT 



OUTPUT 



2.6V- 
0.6V « 





=t:4v 

-OflV 








> 


-2.iv 

-0 flV 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



8) Measured with a load equivalent to 2 TIL loads and lOOpF. 



9) ^CHZ' ^OHZ> ^WHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

1 0) For write cycles, the input data is latched at the earlier of RAN or CE rising edge. Therefore, the input data must 
be valid during the setup time (tDsw or tosc) ^'^^ hold time (tonw or tDHc)- 

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during t^sc 3"^^ tAHc- 



1 2) The two refresh ope rations , auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V^. 
Auto refresh : RFSH pulse width < tpAp (max.) 
Self refresh : RFSH pulse width > tp^s (min.) 

The timing parameter tpps '^'^st be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 
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Data Retention Characteristics (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


3.0 




5.5 


V 


'dDF2 


Self Refresh Current 


Vdh = 3.0V 




40 


100 


ma 


Vdh = 5.5V 




100 


200 


tR 


Recovery Time 


5 






ms 



*The falling slope of Vqd must be more than 50ms for proper device operation (20msA/). 



Vdd 



RFSH 



Vdo _ 

4.5V _ 

VoH - 

GND _ 



V,H 



GNO 



V,H - 

CE 

GND < 



I 



DATA RETENTION MODE 



Onsmin. 



(SELF REFRESH) 



S0.2V 




i VoD - 0.2V 



Notes: CS, OE, R/W, AO ~ A1 6 = V|h or V|l 

Iddfi is applicable when RFSH = V|l (max.), CE = V|h (min.). 



tR 



i 
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Write Cycle 2 (OE Clocl(ed) 




: HorL 
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Auto Refresh 



VlH - 



IL 



\ 



j£P 



I/O 



1-1/08 ~- 



NOTE : CS, OE, R/W, AO ~ A1 6 = V|h or V|l 



OPEN 



Self Refresh 



If5h 



VlH - 



1/01-1/08 



VoH - 



Vol - 

NOTE : CS, OE, R/W, AO ~ A1 6 = V|h or V|l 



OPEN 



CS standby Mode 




1/01-1/08 



VoH 



Vol - 

NOTE : OE, R/W, AO ~ A1 6 = V|h or V|l 



OPEN 



;HorL 
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Battery Backup Application Example 



Vqo o 



2SA1015 




47;/F 



/77 



*1 : Ceramic condenser 
*2: Tantalum condenser 

(A large bypass condenser is preferable to absorb noise when the power supply is switched.) 

This circuit does not have memory protection. Therefore, rapid turnoff of the power supply must be avoided. Enter the Self 
Refresh mode before changing to the battery backup power supply 



D-114 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TOSHIBA 



TC518129AFWI-10 



SILICON GATE CMOS 

131,072 WORD X 8 BIT CMOS PSEUDO STATIC RAM 

Description 

The TC51 81 29AFWI is a 1 M bit high speed CMOS pseudo static RAM organized as 1 31 ,072 words by 8 bits. The TC51 81 29AFWI 
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high s peed a nd low power 
storage. The TC518129AFWI operates from a single 5V power supply Refreshing is supported by a refresh (RFShl) input which 
enables two types of refreshing - auto refresh and self refresh. The TC51 81 29AFWI features a static RAM-like interface with a write 
cycle in which the input data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface. 

A CS standby mode interface is incorporated in the TC51 81 29AR/VI, with the CE2 pin in the TC51 81 28A family changed to a CS 
pin. The TC51 81 29AFWI is guaranteed over an operating temperature range of -40 ~ 85°C so the TC51 81 29AFWI is suitable for use 
in wide operating temperature systems. It is available in a 32-pin, 0.525 inch small outline plastic flat package. 



Features 

• Organization: 131 ,072 words x 8 bits 

• Single 5V power supply 

• Fast access time 



Pin Connection 



tcEA^ Access Time 


100ns 


toEA^ Access Time 


40ns 


tpc Cycle Time 


160ns 


Power Dissipation 


330mW 


Self Refresh Current 


200nA 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Wide operating temperature: -40 ~ 85°C 

• Inputs and outputs TTL compatible 

• Refresh: 512 refresh cycles/8ms 

• Auto refresh power down feature 

• Package 

- TC518129AFWI: SOP32-P-525 



rfshC 


1 


32 


llfi 




2 


31 


A14C 


3 


30 


3CS 


A12C 


4 


29 


3 RW 


A7C 


5 


28 


3 A13 


A6C 


6 


27 


3 A8 


A5C 


7 


26 


3 A9 


A4C 


8 


25 


3 All 


A3C 


9 


24 


3U? 


A2C 


10 


23 


^AlO 


AlC 


n 


22 


3CE 


AOC 


12 


21 


3 IA38 


uoic 


13 


20 


3 IA37 


IAD2C 


14 


19 


3 U06 




IS 


18 


3 UOS 


GNOC 


16 


17 


3 UOA 



Pin Names 



AO ~ A16 


Address Inputs 


R/W 


Read/Write Control Input 


UE 


Output Enable Input 


RFSH 


Refresh Input 


Ce 


Chip Enable Input 


CS 


Chip Select Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 
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Block Diagram 

i 1 



r\ COLUMN 
A 16-9 8; ADDRESS 

W BUFFER (8) 



t-K ROW 
A8-0 9 . ADDRESS 
°" ll/ BUFFER (9) 



REFRESH 
C0UNTER(9) 



COLUIVtN 
DECODER 



SENSE AMP. 
I/O GATE 



x8 



CLOCK 
GENERATOR 



S12 



MEMORY 

ARRAY 
512x256x8 



CL 00 

— 

UJ 

<liU 

H- u. 

O oa 



a. ^ 

I- CO 

Occ 

LU 

<u. 
5 = 



L/C 



01 

s 

1/08 



r 



REFRESH 
CONTROLLER 



REFRESH 
TIMER 



R/Wo- 



Operating Mode 



PIN 












A0~A16 




MODE ^^^^^^ 


CE 


CS 


OE 


R/W 


RFSH 


1/01-8 


Read 


L 


H 


L 


H 




V* 


OUT 


Write 


L 


H 




L 




V* 


IN 


only Refresh 


L 


H 


H 


H 




V* 


HZ 


CS Standby 


L 


L 










HZ 


Auto/Self Refresh 


H 








L 




HZ 


Standby 


H 








H 




HZ 



H = High level input (V|h) 
L = Low level input (V|l) 
* =V|HOrV|i_ _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are "*". 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0 ~ 7.0 


V 




VquT 


Output Voltage 


-1.0 - 7.0 


V 




Vdd 


Power Supply Voltage 


-1.0 ~ 7.0 


V 




Tqpr 


Operating Temperature 


-40 ~ 85 


°c 


1 


TSTRG 


Storage Temperature 


-55-150 


°c 


TsOLDER 


Soldering Temperature • Time 


260' 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 





D-116 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



static RAM 



TC518129AFWI-10 



DC Recommended Operating Conditions 



SYMBOL 


PARAIMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 1-0 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 



DC Characteristics fTa = -40 ~ SSX, V^o = 5V±10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

Ci, Address cycling: tpc = tpc min. 




40 


60 


mA 


3,4 


'ddsi 


Standby Current 
CE = V|H, FiFSH = V|H 






1 


mA 




IdDS2 


Stflndby Curr©nt 
CE = Vdd - 0.2V, 
RFSH = Vdd - 0.2V 


- 


100 


200 


HA 




'ddfi 


Self Refresh Current (Average) 
CE = V|H, 
RFSH = V|L 


- 


- 


1 


mA 




IdDF2 


Self Refresh Current (Average) 
UE = Vdd - 0.2V, 
RFSH = 0.2V 




100 


200 


mA 




IdDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc mi" 






2 


mA 




IdDF4 


UE only Refresh Current (Average) 
UE, Address cycling: Irc = tRc i^nin. 




40 


60 


mA 


3 


l|(L) 


Input Leakage Current 

OV < V|N < Vdd- All other Inputs not under test = OV 






±10 


HA 




'O(L) 


Output Leakage Current 

Output Disabled (CE = V|h or UE = V|h or RA/V = V|l), 
OV<Vout^Vdd 






±10 


HA 




VoH 


Output High Level 
loH = -5mA 


2.4 






V 




Vol 


Output Low Level 
Iql = 4.2mA 






0.4 


V 





Capacitance* (Vdd = 5V, Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C|i 


Input Capacitance (AO ~ A1 6) 




5 




C|2 


Input Capacitance (CE, CS, DE, R/W, RF5H) 




7 


PF 




Input/Output Capacitance 




7 





*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = -40 ~ 85°C, Vqd = 5V±10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-10 


UNIT 


NOTES 


MIN. 


MAX. 


tpc 


Random Read, Write Cycle Time 


160 


_ 






tRMW 


Read Modify Write Cycle Time 


235 


_ 






tCE 


Pulse Width 


100 


10,000 






tp 


CE Precharge Time 


50 


_ 






tCEA 


CE Access Time 


_ 


100 






tOEA 


DE Access Time 


_ 


40 






tcLZ 


CE to Output in Low -Z 


30 


_ 






tOLZ 


DE to Output in Low -Z 





_ 






twLZ 


Output Active from End of Write 





_ 






tCHZ 


Chip Disable to Output in High-Z 





30 




9 


tOHZ 


Disable to Output in High-Z 





30 




9 


tWHZ 


Write Enable to Output in High-Z 





30 




9 


tODS 


DE Output Disable Setup Time 





_ 








UE Output Disable Hold Time 


10 


_ 






Ircs 


Read Command Setup Time 





_ 






^RCH 


Read Command Hold Time 





_ 






tcss 


Chip Select Setup Time 





_ 


ns 




tcSH 


Chip Select Hold Time 


25 


_ 




twp 


Write Pulse Width 


70 


_ 






twCH 


Write Command Hold Time 


70 


10,000 






^CWL 


Write Command to CE Lead Time 


70 


10,000 






bsw 


Data Setup Time from R/W 


35 


_ 




10 


^DSC 


Data Setup Time from CE 


35 


_ 




10 


toHW 


Data Hold Time from R/W 





_ 




10 


toHC 


Data Hold Time from 





_ 




10 


^ASC 


Address Setup Time 





_ 




11 


^AHC 


Address Hold Time 


25 


_ 




11 


tRHC 


RFSH Command Hold Time 


15 


_ 






tpc 


Auto Refresh Cycle Time 


160 


_ 






tRFD 


RFSH Delay Time from UE 


50 


— 






tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 




12 


tpp 


RFSH Precharge Time 


30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 






12 


tpRS 


UE Delay Time from RFSR (Self Refresh) 


190 






12 


tREF 


Refresh Period (512 cycles, AO ~ A8) 




8 


ms 




tT 


Transition Time (Rise and Fall) 


3 


50 


ns 
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Notes: 

1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) boo Iddf4 depend on the cycle time. 

4) Iddo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 00ns with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 

InputLeve. : V,„ = .aV ...v. 

Input Reference Levels : V|h = 2.4V 

V|L = 0.8V OUTPUT 



ZD 


-i.4V 






\jj-i.iv"- 



Output Reference Levels : Voh = 2.2V INPUT REFERENCE OUTPUT REFERENCE 

Vol = 0.8V LEVEL LEVEL 

8) Measured with a load equivalent to 2 TTL loads and 1 0OpF. 

9) ^HZ' ^OHZ' ^WHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10) For write cycles, the input data in latched at the earlier of R/W or CE rising edge. Therefore, the input data must 
be valid during the setup time (tpsw o"" bsc) ^i^d hold time (toHw o"" ^hc)- 

1 1) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during l^sc ^ahc- 



1 2) The two refresh ope rations , auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = Vih- 
Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tpAs (i^nin.) 

The timing parameter tpRs i^ust be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 
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Read Modify Write Cycle 
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Auto Refresh 



VlL -_ 



/ 



V|H -" 

VlL -_ 



4 ^£2 H 



tFC 



\ 



tFP 



1/01-1/08 



VoH - 



Vol - 

NOTE : CS, OE, R/W, AO ~ A1 6 = V|h or V|l 



OPEN 



Self Refresh 



VlH - 

V.L _ 



rF5h 



V,L - 



71 



1/01-1/08 



VoH - 



Vol - 

NOTE : CS, OE, Fi/W, AO ~ A1 6 = V|h or V||_ 



tFAS 



OPEN 
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TC518129BPL/BSPL/BFL/BFWL/BFTL-70/80/10 
TC518129BPL/BSPL/BFL/BFWL/BFIL-70L/80L/10L 



SILICON GATE CMOS 

131,072 WORD X 8 BIT CMOS PSEUDO STATIC RAM 

Description 

The TC51 81 29B is a 1 M bit high speed CMOS pseudo static RAM organized as 1 31 ,072 words by 8 bits. The TC51 81 29B utilizes 
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacit y, high speed and low power storage. The 
TC518129B operates from a single 5V power supply Refreshing is supported by a refresh (RFSH) input which enables two types of 
refreshing - auto refresh and self refresh. The TC51 81 298 features a static RAM-like interface with a write cycle in which the input 
data is written into the memory cell at the rising edge of RAN thus simplifying the microprocessor interface. 

A OS standby mode interface is incorporated in the TC51 81 29B family, with the CE2 pin in the TC51 81 28B family changed to a 
OS pin. The TC51 81 29B is available in a 32-pin, 0.6 inch and 0.3 inch width plastic DIR a small outline plastic flat package, and a 32- 
pin thin small outline plastic package (forward type). 



Features 

• Organization: 131 ,072 words x 8 bits 

• Single 5V power supply 

• Fast access time 





TC518129B Family 


-70 


-80 


-10 


tcEA^ Access Time 


70ns 


80ns 


100ns 


toEA^E Access Time 


25ns 


30ns 


40ns 


tpc Cycle Time 


115ns 


130ns 


160ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


200^lA (L version) 
50nA (LL version) 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 512 refresh cycles/8ms 

• Auto refresh power down feature 

• Package 



Pin Connection (Top View) 



3a 

3 RW 
3 A13 
3 A8 
3 A9 
3 All 
35? 

l^" 

3 1/08 
3 U07 
3 U06 
3 1/05 
3 |/04 



TC5 1 81 29BPL / BFL / BSPL / BFWL 



Pin Names 




1 = o 



32 
^17 



16^ ^17 

TC518129BFTL( Forward) 



- TC518129BPL 

- TC518129BFL 

- TG518129BSPL 

- TC518129BFWL 

- TC518129BFTL 



(TSOP) 



DIP32-P-600 

SOP32-P-450 

DIP32-P-300 

SOP32-P-525 

TSOP32-P-0820 



AO ~ A16 


Address Inputs 


R/W 


Read/Write Control Input 


UE 


Output Enable Input 


RFSH 


Refresh Input 




Chip Enable Input 


cs 


Chip Select Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


As 


Al3 


R/W 


CS 


Al5 


Vdd 


ftFSH 


A16 


Al4 


A12 


A7 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 


UE 


A10 
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Block Diagram 



i 1 



|-\ COLUMN 
A16-9 S; ADDRESS 

W BUFFER (8) 



r-\ ROW 
A8-0 9 y ADDRESS 

11/ BUFFER (9) 



REFRESH 
C0UNTER{9) 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



CEo^ 



CLOCK 



Cso-». GENERATOR 



512 



MEMORY 
ARRAY 
512x256x8 



3 ^ 
a. 00 
2'-' 

— cc 
ui 
<u. 
H- u. 

O CO 



Li) 



a. ^ 
Oa: 

<u. 
O eo 



RFSRo 
o- 



R/Wo- 



r 



REFRESH 
CONTROLLER 



REFRESH 
TIMER 



1/01 
S 

I/08 



Operating Mode 



^"""""■-------^^ PIN 
















MODE ^^^^^^^ 


CE 


CS 


OE 


R/W 


RFSH 


AO-Aie 


1/01-8 


Read 


L 


H 


L 


H 




V* 


OUT 


Write 


L 


H 




L 




V* 


IN 


CE only Refresh 


L 


H 


H 


H 




V* 


HZ 


CS Standby 


L 


L 










HZ 


Auto/Self Refresh 


H 








L 




HZ 


Standby 


H 








H 




HZ 



H = High level input (Vih) 
L = Low level input {ViJ 
* =V|HorV|L _ 

V = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are "*". 
HZ = High impedance 



IVIaximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




Vqut 


Output Voltage 


-1.0 - 7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




Tqpr 


Operating Temperature 


0-70 


°c 


1 


TsTRG 


Storage Temperature 


-55-150 


°c 


TsOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 






Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 








VlH 


Input High Voltage 


2.4 




Vdd + 10 


V 


2 






V|L 


Input Low Voltage 


-1.0 




0.8 


V 








DC Characteristics (Ta = - 70°C, Vqd = 5V±10%) 














SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 




Operating Current (Average) 

CE, Address cycling: tpc = Irc min. 


70ns version 




50 


70 






'ddo 


80ns version 


- 


40 


60 


mA 


3,4 




100ns version 




35 


50 






'ddsi 


Standby Current 
= V|H, RF5H = V,H 


- 


- 


1 


mA 




IdDS2 


Standby Current 




L version 


- 


100 


200 


HA 




= Vdd - 0.2V, RF5R = Vdd - 0.2V 




LL version 




35 


50 


ma 




'ddfi 


Self Refresh Current (Average) 
UE = V|H, RF5H = V,L 


- 


- 


1 


mA 




'dDF2 


Self Refresh Current (Average) 




L version 




100 


200 


iiA 




= Vdd - 0.2V RFSH = 0.2V 




LL version 


- 


35 


50 


liA 




'dDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc friin 






2 


mA 






CE only Refresh Current (Average) 
CE, Address cycling: tRc = Irc f"'"- 


70ns version 




50 


70 






'dDF4 


80ns version 




40 


60 


mA 


3 




100ns version 




35 


50 






l|(L) 


Input Leakage Current 

OV < ViN < Vdd, All other Inputs not under test = OV 


- 


- 


±10 


HA 




'O(L) 


Output Leakage Current 

Output Disabled (UE = V,h or OE = V|h or R/W = V|l), 
0V<Vout^Vdd 


- 


- 


+10 


mA 




VOH 


Output High Level 
loH = -1mA 


2.4 


- 


- 


V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 




Capacitance* (Vqd = 5V, Ta = 25°C, f = 1MHz) 


















SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 




C,i 


Input Capacitance (AO ~ A1 6) 




5 






C|2 


Input Capacitance (CE, CS, DE, R/W, RFSH) 




7 


PF 




C|0 


Input/Output Capacitance 




7 







*This parameter is periodically sampled and is not 1 00% tested. 
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AC Characteristics (Ta = ~ 70°C, Vod = 5V±10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-70 


-80 


-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read, Write Cycle Time 


115 


_ 


130 


_ 


160 


_ 








Read Modify Write Cycle Time 


160 


_ 


180 


_ 


220 


_ 






tcE 


CE Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 






tp 


CE Precharge Time 


35 


_ 


40 


_ 


50 


_ 






tCEA 


CE Access Time 


_ 


70 


_ 


80 


_ 


100 






*OEA 


OE Access Time 


_ 


25 


_ 


30 


_ 


40 






tCLZ 


UE to Output in Low -Z 


20 


_ 


20 


_ 


20 


_ 






tOLZ 


DE to Output in Low -Z 





_ 





_ 





_ 






tWLZ 


Output Active from End of Write 





_ 





_ 





_ 






^CHZ 


Chip Disable to Output in High-Z 





20 





20 





25 




9 


*OHZ 


DE Disable to Output in High-Z 





20 





20 





25 




9 


tWHZ 


Write Enable to Output in High-Z 





25 





25 





30 




9 


tODS 


UE Output Disable Setup Time 





_ 





_ 





_ 






toDH 


OE Output Disable Hold Time 


10 


_ 


10 


_ 


10 


_ 






^RCS 


Read Command Setup Time 





_ 





_ 





_ 








Read Command Hold Time 





_ 





_ 





_ 






tcss 


Chip Select Setup Time 





_ 





_ 





_ 


ns 




tcSH 


Chip Select Hold Time 


20 


_ 


25 


_ 


30 


_ 




twp 


Write Pulse Width 


20 


_ 


25 


_ 


30 


_ 






twCH 


Write Command Hold Time 


35 


10,000 


40 


10,000 


50 


10,000 






tcWL 


Write Command to CE Lead Time 


20 


10,000 


25 


10,000 


30 


10,000 








Data Setup Time from R/W 


15 


_ 


20 


_ 


25 


_ 




10 




Data Setup Time from CE 


15 


_ 


20 


_ 


25 


_ 




10 


tOHW 


Data Hold Time from R/W 





_ 





_ 





_ 




10 


tOHC 


Data Hold Time from CE 





_ 





_ 





_ 




10 


Use 


Address Setup Time 





_ 





_ 





_ 




11 


^AHC 


Address Hold Time 


20 


_ 


25 


_ 


30 


_ 




11 


tRHC 


RFSH Command Hold Time 


15 


_ 


15 


_ 


15 


_ 






tpc 


Auto Refresh Cycle Time 


115 


_ 


130 


_ 


160 


_ 






tpFD 


RFSH Delay Time from CE 


35 


_ 


40 


- 


50 


— 






tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 


tpp 


RFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


*FRS 


CE Delay Time from RFSH (Self Refresh) 


160 




160 




190 






12 


Iref 


Refresh Period (51 2 cycles, AO ~ A8) 




8 




8 




8 


ms 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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Notes: 

1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) Iddo bDF4 depend on the cycle time. 

4) boo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 00ns with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 

7) Timing reference levels 

Input Levels : V|h = 2.6V 

V|L = 0.6V 

Input Reference Levels : V|h = 2.4V 

V|L = 0.8V 

Output Reference Levels : Vqh = 2.2V 

Vol = 0.8V 

8) Measured with a load equivalent to 1 TTL load and 1 0OpF. 

9) tcHZ' ^OHZ' Whz define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the 
input data must be valid during the setup time fosw o'' bsc) ^^d hold time (tpHw ^hc)- 

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be 
valid during t^sc ^"^'^ ^ahc- 



1 2) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE = V|H. 

Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tp^s {^^'^■) 

The timing parameter tpps must be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 



2.6V— -V 

INPUT > 
0.6V r' 


-2.4V 
-ORV 






OUTPUT 




=2.rv 

-0 8V 









INPUT REFERENCE 
LEVEL 



OUTPUT REFERENCE 
LEVEL 



TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



D-129 



TC51 81 29BPL/BSPL/BFL/BFWL/BFTL-70/80/1 
TC518129BPL/BSPUBFLyBFWL/BFTL-70L/80L/10L Static RAM 





D-130 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC51 81 29BPL/BSPL/BFL/BFWL/BFTL-70/80/1 
Static RAM TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L 




TOSHIBA AMERICA ELECTRONIC COMPOIMEIMTS, INC. 



D-131 



TC518129BPL/BSPL/BFL/BFWL/BFTL-70/80/10 
TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L Static RAM 





D-132 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC51 81 29BPL/BSPL/BFL/BFWL/BFTL-70/80/1 
Static RAM TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L 



Auto Refresh 



V|H - 



tRFO 

[ < — H 



tFC 



\ 



i/oi~iyo8 



VoH - 



Vol - 

Note : CS, OE, R/W, AO ~ A1 6 = V|h or V|l 



OPEN 



Self Refresh 



CE 



v., _ 



tFP 



rF5h 



Vh _ 



7~\ 



J/ K 



1/01-1/08 



VoH - 



Vol - 

Note : CS, OE, FVW, AO ~ A1 6 = V|h or V|l 



OPEN 
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SILICON GATE CMOS 



131 ,072 WORD X 8 BIT CMOS PSEUDO STATIC RAM 



Description 

The TC51 81 29B-V is a 1 M bit high speed CMOS pseudo static RAM organized as 1 31 ,072 words by 8 bits. The TC51 81 29B-V 
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power 
storage. The TC51 81 29B-V operates from a single power supply of 2.7 ~ 5.5V. Refreshing is supported by a refresh (RFSH) input 
which enables two types of refreshing - auto refresh and self refresh. The TC51 81 29B-V features a static RAM-like interface with a 
write cycle in which the input data is written into the memory cell at the rising edge of RAV thus simplifying the microprocessor 
interface. 

A CS standby mode interface is incorporated in the TC51 81 29B-V family, with the CE2 pin in the TC51 81 28B-V family changed 
to a CS pin. The TC51 81 29B-V is available in a 32-pin, 0.6 inch width plastic DIR a small outline plastic flat package, and a 32-pin thin 
small outline plastic package (forward type). 



Features 

• Organization: 

• Low voltage operation: 

• Data retention supply voltage: 

• Fast access time 



1 31 ,072 words X 8 bits 
2.7V ~ 5.5V 
2.7V ~ 5.5V 





TC518129B-V Family 


-70 


-80 


-10 


tcEA ^ Access Time 


70ns 


80ns 


100ns 


toEA^ Access Time 


25ns 


30ns 


40ns 


tpic Cycle Time 


115ns 


130ns 


160ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


5.5V 


50|iA 


3.0V 


25|iA 



Auto refresh is supported by an internal refresh address 
counter 

Self refresh is supported by an internal timer 
Inputs and outputs TTL compatible 
Refresh: 512 refresh cycles/8ms 
Auto refresh power down feature 
Package 

- TC518129BPL-V: DIP32-P-600 

- TC518129BFL-V SOP32-P-450 

- TC518129BFWL-V: SOP32-P-525 

- TC518129BFTL-V:TSOP32-P-0820 



Pin Connection (Top View) 





TC5 1 81 29BFTL{ Forward) 



TC5 1 a 1 29BPL / BFL / BFWL 

Pin Names 



AO ~ A16 


Address Inputs 


R/W 


Read/Write Control Input 


Ue 


Output Enable Input 


RFSH 


Refresh input 


Ce 


Chip Enable Input 


CS 


Chip Select Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



CTSOP) 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


As 


Al3 


RM 


CS 


Ai5 


Vdd 


RFSH 


A16 


Al4 


A12 


A7 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 




A10 
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Block Diagram 



VOD 
2 



GND 
1 



r\ COLUMN 
A16-9 S; ADDRESS 

W BUFFER (8) 



r-\ ROW 
A8-0 Is) ADDRESS 



REFRESH 

COUNTERO; 





CSO-*. 



CLOCK 
GENERATOR 



rf5ho- 

(5E o- 



R/Wo- 



L/ buffer (9) ^ : 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 


1 


256x8 


w 



512 



MEMORY 
ARRAY 
512x256x8 



Q. 00 

Z 

— 

»- u. 
O 
O ffi 



Li/ 



a. ^ 

H- 00 



O 00 



:4> 



REFRESH 
CONTROLLER 



REFRESH 
-H TIMER 



1 

/08 



Operating IVIode 



PIN 

MODE 
















CE 


CS 


OE 


R/W 


RFSH 


A0~A16 


1/01 - 8 


Read 


L 


H 


L 


H 




V* 


OUT 


Write 


L 


H 




L 




V* 


IN 


only Refresh 


L 


H 


H 


H 




V* 


HZ 


CS Standby 


L 


L 










HZ 


Auto/Self Refresh 


H 








L 




HZ 


Standby 


H 








H 




HZ 



H = High level input (Vih) 
L = Low level input (ViJ 
* = V|H or V|L _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are "* 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




Vqut 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




Tqpr 


Operating Temperature 


0-70 


°c 


1 


TsTRG 


Storage Temperature 


-55 - 150 


°c 


"■"solder 


Soldering Temperature • Time 


260* 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYIMBOL 


PARAIHETER 


MIN. 


TYP. 


IVIAX. 


UNIT 


NOTES 




Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 1.0 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 


DC Characteristics (Ta = ~ 70°C, Mod = 5V±10%) 




SYIMBOL 


PARAMETER 


IVilN. 


TYP 


IVIAX. 


UNIT 


NOTES 


boo 


Operating Current (Average) 

CE, Address cycling: tRc = tpc frii"- 


70ns version 




50 


70 


mA 


3,4 


80ns version 




40 


60 


1 00ns version 




35 


50 


'ddsi 


Standby Current 
= V|H, RFSH = V|H 


_ 




1 


mA 




'dDS2 


Standby Current 

= Vdd - 0.2V RFSH = Vdd - 0.2V 


- 


35 


50 


HA 




'ddfi 


Self Refresh Current (Average) 
= V|H, RFSH = V|L 


- 


- 


1 


mA 




IdDF2 


Self Refresh Current (Average) 
UE = Vdd - 0.2V RFSH = 0.2V 


- 


35 


50 


HA 




IdDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc 






2 


mA 




IdDF4 


only Refresh Current (Average) 
CE, Address cycling: tRc = Irc min- 


70ns version 




50 


70 


mA 


3 


80ns version 




40 


60 


1 00ns version 




35 


50 


l|(L) 


Input Leakage Current 

OV < V|N < Vdd, All other Inputs not under test = OV 






±10 


mA 




'O(L) 


Output Leakage Current 

Output Disabled (CE = V|h or = V|h or R/W = ViJ, 

OV<VoutSVdd 






±10 






VoH 


Output High Level 
Iqh = -1 .0mA 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 





Capacitance* CVdd = 5V, Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C|i 


Input Capacitance (AO ~ A1 6) 




5 


PF 


C|2 


Input Capacitance (UE, CS, DE, R/W, T5FSR) 




7 


C|0 


Input/Output Capacitance 




7 



This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C, Vqd = 5V±10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-70 


-80 


-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read, Write Cycle Time 


115 


- 


130 


- 


160 


- 






tRMW 


Read Modify Write Cycle Time 


160 




180 


- 


220 


- 






tCE 


Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 






tp 


CE Precharge Time 


35 


- 


40 


- 


50 


- 






tCEA 


CE Access Time 


- 


70 


- 


80 


- 


100 






toEA 


DE Access Time 


- 


25 


- 


30 


- 


40 






tCLZ 


CE to Output in Low -Z 


20 


- 


20 


- 


20 


- 






biz 


UE to Output in Low -Z 










- 





- 






%LZ 


Output Active from End of Write 





- 





- 





- 






tcHZ 


Chip Disable to Output in High-Z 





20 





20 





25 




9 


toHZ 


CE Disable to Output in High-Z 





20 





20 





25 




9 


*WHZ 


Write Enable to Output in High-Z 





25 





25 





30 




9 


toDS 


OE Output Disable Setup Time 





- 





- 





- 






boH 


OE Output Disable Hold Time 


10 


- 


10 


- 


10 


- 






*RCS 


Read Command Setup Time 





- 





- 





- 






tRCH 


Read Command Hold Time 





- 





- 





- 






tcss 


Chip Select Setup Time 





- 





- 





- 


ns 




tcSH 


Chip Select Hold Time 


20 


- 


25 


- 


30 


- 




twp 


Write Pulse Width 


20 


- 


25 


- 


30 


- 






twCH 


Write Command Hold Time 


35 


10,000 


40 


10,000 


50 


10,000 






tcWL 


Write Command to CE Lead Time 


20 


10,000 


25 


10,000 


30 


10,000 






tosw 


Data Setup Time from R/W 


15 


- 


20 


- 


25 


- 




10 




Data Setup Time from CE 


15 


- 


20 


- 


25 


- 




10 


^DHW 


Data Hold Time from R/W 





- 





- 





- 




10 




Data Hold Time from CE 





- 





- 





- 




10 


Use 


Address Setup Time 





- 





- 





- 




11 




Address Hold Time 


20 


- 


25 


- 


30 


- 




11 


tRHC 


RFSH Command Hold Time 


15 


- 


15 


- 


15 


- 






tpc 


Auto Refresh Cycle Time 


115 


- 


130 


- 


160 


- 






tRFD 


RFSH Delay Time from CE 


35 


- 


40 


- 


50 


- 






tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 


tpP 


RFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RF5R Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


160 




160 




190 






12 


tREF 


Refresh Period (512 cycles, AO ~ A8) 




8 




8 




8 


ms 






Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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3.0V Operation 



DC Recommended Operating Conditions 



SYIMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


2.7 


3.0 


3.3 


V 


2 


V|H 


Input High Voltage 


Vdd - 0.2V 




Vdd + 1-OV 


V 


V,L 


Input Low Voltage 


-0.5 




0.2 


V 



DC Characteristics (Ta = ~ 70°C, Vqd = 3.0V±0.3V) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

UE Address cycling: tRc = ^RC mi"- 




15 


20 


mA 


3,4 


'dDS2 


Standby Current 




15 


25 


liA 




IdDF2 


Self Refresh Current (Average) 




15 


25 


liA 




IdDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc f^ii^- 






2 


mA 




'dDF4 


CE only Refresh Current (Average) 
UE Address cycling: tpc = tpc min. 




15 


20 


mA 


3 


'l(L) 


Input Leakage Current 

OV < V|N < Vdd, All other Inputs not under test = OV 






±10 


ma 




'O(L) 


Output Leakage Current 
Output Disable, OV < Vqut ^ Vdd 






±10 


ma 




VOH 


Output High Level 


loH = -1mA 


2.4 






V 




loH = -100nA 


Vdd - 0.2V 






Vol 


Output Low Level 


loL = 2.1mA 






0.4 


V 




loL = 1 0OnA 






0.2 
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AC Characteristics (Ta = ~ 70°C, Vdq = 3.0V±0.3V) (Notes: 5, 6, 8) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


NOTES 


tRC 


Random Read, Write Cycle Time 


240 


- 








Read Modify Write Cycle Time 


320 


- 






tCE 


UE Pulse Width 


150 


10,000 




13 


tp 


CE Precharge Time 


80 


- 






tCEA 


CE Access Time 


- 


150 






tOEA 


OE Access Time 


- 


80 






tCLZ 


CE to Output in Low -Z 


20 


- 






tOLZ 


OE to Output in Low -Z 


5 


- 






tWLZ 


Output Active from End of Write 


5 


- 






tCHZ 


Chip Disable to Output in High-Z 





30 




9 


tOHZ 


UE Disable to Output in High-Z 





30 




9 


tWHZ 


Write Enable to Output in High-Z 





40 




9 


tODS 


OE Output Disable Setup Time 





- 






tODH 


Output Disable Hold Time 


10 


- 






tRCS 


Read Command Setup Time 





- 






tpCH 


Read Command Hold Time 





- 






twp 


Write Pulse Width 


35 


- 


ns " 




twCH 


Write Command Hold Time 


70 


10,000 






tcWL 


Write Command to CE Lead Time 


35 


10,000 






tosw 


Data Setup Time from R/W 


30 


- 




10 


tosc 


Data Setup Time from CE 


30 


- 




10 


tOHW 


Data Hold Time from R/W 





- 




10 




Data Hold Time from CE 





- 




10 


Use 


Address Setup Time 





- 




11 




Address Hold Time 


35 


- 




11 


tRHC 


RFSH Command Hold Time 


15 


- 






tpc 


Auto Refresh Cycle Time 


240 


- 






tpFD 


RFSH Delay Time from CE 


80 


- 






tpAP 


RFSR Pulse Width (Auto Refresh) 


50 


8,000 




12 


tpp 


RFSH Precharge Time 


50 






12 


tpAS 


TTi=5H Pulse Width (Self Refresh) 


8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


300 






12 


tREF 


Refresh Period (512 cycles, AO ~ A8) 




8 


ms 




tj 


Transition Time (Rise and Fall) 


3 


50 


ns 





Timing Reference Leveis: 

Input Reference Levels: 1 .5V/1 .5V 
Output Reference Levels: 1 .5V/1 .5V 
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Notes: 

1 ) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) Iddo si^d Iddf4 depend on the cycle time. 

4) Iqdo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 100|is with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 



Input Levels 


: V|H = 


2.6V 




V|L = 


0.6V 


Input Reference Levels 


: V|H = 


2.4V 




V|L = 


0.8V 


Output Reference Levels 


: VoH 


= 2.2V 




VoL = 


= 0.8V 



INPUT 



OUTPUT 



2.6V. 
0.6V« 





-2.4V 
-ORV 








> 


-2.2V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



8) Measured with a load equivalent to 1 TTL load and 1 0OpF. 



9) ^CHZi ^OHZ. ^WHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

1 0) For write cycles, the input data is latched at the earlier of RAN or CE rising edge. Therefore, the input 
data must be valid during the setup time (tQsw o'' ^dsc) ^i^d hold time (toHW oi" ^dhc)' 

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid 
during tAsc and tAHc- 



1 2) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE^ViH. 



Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tpAs (niin.) 

The timing parameter tpps nnust be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 
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Static RAM 



Data Retention Cliaracteristics (Ta = ~ 70°C) 



SYIMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.7 




5.5 


V 


'dDF2 


Self Refresh Current 


Vdh = 3.0V 




15 


25 




Vdh = 5.5V 




35 


50 


tR 


Recovery Time 


5 






ms 



Vdd 



RFSH 



CE 



Voo 
4.5V 

VOH 

GNO 



V|H 



GNO 



V|L 

GND 



-I. 



DATA RETENTION MODE 



0ns min. 



(SELF REFRESH) 



S0.2V 



SVqo - 0.2V 



n 



JE£ai. 



Notes: CS, OE, R/W, AO ~ A1 6 = V|h or V|l 

Iddfi is applicable when RFSH = V|l (max.), CE = V|h (min.). 
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Timing Waveforms 
Read Cycle 




Write Cycle 1 (OE Fixed High) 
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Read Modify Write Cycle 



tRMW 




AO - A16 w 



R/W 



1/01-1/08 



-OUT 



VoH- 



V,L - 



tRHC 



tCEA 




twHz^, i data-in"^)— I 




CE Only Refresh 



AO ~ A8 




R/W 



1/01-1/08 w _■ 



RF?H 



Note: A9~ A16 = V|H orV|L 



HorL 
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Auto Refresh 




1/01-1/08 



VOH 

Vol 



OPEN 



Note : CS, OE, FVW, AO ~ A1 6 = V|h or V|l 



Self Refresh 



lF§H 



tFP 



tRHC 
► 



1/ K 



1/01 ~ 1/08 



VoH - 

Vol -" 



OPEN 



Note : CS, OE, R/W, AO ~ A1 6 = V|h or V|l 
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100 



50 



Iddf2 VpD Characteristics 



Typ. 



Ta = 25°C 



J L 



4 5 

Vdd 



6 (V) 



Iddf2 Temp. Characteristics 



(M) 



60 



20 



Typ. 



J L 



25 



Ta 



70 CO 
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Battery Backup Application Example 




*1 : Ceramic condenser 
*2: Tantalunn condenser 

(A large bypass condenser is preferable to absorb noise when the power supply is switched.) 

This circuit does not have memory protection. Therefore, rapid turnoff of the power supply must be avoided. Enter the Self 
Refresh mode before changing to the battery backup power supply 
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SILICON GATE CMOS 



PRELIMINARY 



1 31 ,072 WORD X 8 BIT CMOS PSEUDO STATIC RAM 

Description 

The TC51 81 29C is a 1 M bit high speed CIVIOS pseudo static RAM organized as 1 31 ,072 words by 8 bits. The TC51 81 29C utilizes 
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacit y, high speed and low power storage. The 
TC51 81 29C operates from a single 5V power supply Refreshing is supported by a refresh (RFSH) input which enables two types of 
refreshing - auto refresh and self refresh. The TC51 81 29C features a static RAM-like interface with a write cycle in which the input 
data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface. 

A CS standby mode interface is incorporated in the TC518129C family with the CE2 pin in the TC518128C family changed to a 
CS pin. The TC51 81 29C is available in a 32-pin, 0.6 inch width plastic DIR a small outline plastic flat package, and a 32-pin thin small 
outline plastic package (fonA^ard type). 



PFeatures 

• Organization: 131 ,072 words x 8 bits 

• Single 5V power supply 

• Fast access time 



Pin Connection (Top View) 





TC518129C Family 


-70 


-80 


-10 


tcEA^ Access Time 


70ns 


80ns 


100ns 


toEA^ Access Time 


25ns 


30ns 


40ns 


Irc Cycle Time 


115ns 


130ns 


160ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


1 00|iA (L version) 
50|aA (LL version) 




1 = 



16- 



"132 
Si7 



CE TCS 181 29CFTL{ Forward) 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 512 refresh cycles/8ms 

• Auto refresh power down feature 

• Package 



TC518129CPL/CFWL 



Pin Names 



TC518129CPL 

TC518129CFWL 

TC518129CFTL 



DIP32-P-600 

SOP32-P-525 

TSOP32-P-0820 



AO ~ A16 


Address Inputs 


R/W 


Read/Write Control Input 


DE 


Output Enable Input 


RFSH 


Refresh Input 


CE 


Chip Enable Input 


CS 


Chip Select Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



(TSOP) 



PIN NO. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


PIN NAME 


Aii 


A9 


As 


Al3 


RM 


CS 


A15 


Vdd 


RFSH 


A16 


Al4 


A12 


A7 


Ae 


A5 


A4 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


PIN NAME 


A3 


A2 


Ai 


Ao 


1/01 


1/02 


1/03 


GND 


1/04 


1/05 


1/06 


1/07 


1/08 


m 


A10 


m 
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Static RAM 



Block Diagram 



Voo GND 

1 1 



r\ COLUMN 
A16-9 a; ADDRESS 

W BUFFER (8) 



r-\ ROW 
A8-0 \9j ADDRESS 
11/ BUFFER (9) 



REFRESH 
C0UNTER(9) 



COLUMN 
DECODER 



CEo^ 
CSo* 



CLOCK 
GENERATOR 



RF5Ro- 
o- 



SENSE AMP. 
I/O GATE 




256x8: 





512 



MEMORY 
ARRAY 
512x256x8 



— o£ 

LU 

O 
O oa 



3 

I- 00 



^3 



L/01 
m/08 



R/Wo- 



r 



REFRESH 
CONTROLLER 



REFRESH 
TIMER 



Operating Mode 



^^^^^ PIN 
MODE ^^^^^^^ 
















CE 


CS 


OE 


R/W 


RFSH 


A0~A16 


1/01 ~ 8 


Read 


L 


H 


L 


H 




V* 


OUT 


Write 


L 


H 




L 




V* 


IN 


UE only Refresh 


L 


H 


H 


H 




V* 


HZ 


CS Standby 


L 


L 










HZ 


Auto/Self Refresh 


H 








L 




HZ 


Standby 


H 








H 




HZ 



H = High level input (V|h) 
L = Low level input (VnJ 
* =V|HOrV|L _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0 ~ 7.0 


V 




Vqut 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0 ~ 7.0 


V 




Tqpr 


Operating Temperature 


0-70 


°c 


1 


"■"STRG 


Storage Temperature 


-55 ~ 150 


°c 


TsOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYIMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 






Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 








V|H 


Input High Voltage 


2.4 




Vdd + 1.0 


V 


2 






V|L 


Input Low Voltage 


-1.0 




0.8 


V 








DC Characteristics (Ta = ~ TOX, Vqd = 5V±10%) 














SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 




Operating Current (Average) 

Ui, Address cycling: tpc = tpc min. 


70ns version 




50 


70 






boo 


80ns version 


- 


40 


60 


mA 


3,4 




1 00ns version 




35 


50 






'ddsi 


Standby Current 
CE = V|H, RFSH = V,H 


- 


- 


1 


mA 




'dDS2 


Standby Current 




L version 


- 


50 


100 


HA 




CE = Vdd - 0.2V RFSH = Vdd - 0.2V 




LL version 




35 


50 


HA 




Iddfi 


Self Refresh Current (Average) 
UE = V,H, RFSH = V|L 


- 


- 


1 


mA 




IdDF2 


Self Refresh Current (Average) 




L version 




50 


100 


iiA 




CE = Vdd - 0.2V FIFSH = 0.2V 




LL version 


- 


35 


50 


ma 




IdDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tFC 






2 


mA 






only Refresh Current (Average) 
CE, Address cycling: tpc = tRc "^'n- 


70ns version 




50 


70 






IdDF4 


80ns version 




40 


60 


mA 


3 




100ns version 




35 


50 






l|(L) 


Input Leakage Current 

OV < V|N < Vdd, AH other Inputs not under test = OV 


- 


- 


+10 


HA 




'O(L) 


Output Leakage Current 

Output Disabled (UE = V|h or CE = V|h or R/W = V|l), 
OV < VouT ^ Vdd 


- 


- 


±10 


HA 




VoH 


Output High Level 
loH = -1mA 


2.4 


- 


- 


V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 




Capacitance* (Vdd = 5V, Ta = 25''C, f = 1MHz) 


















SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 




Cm 


Input Capacitance (AO ~ A16) 




5 






C|2 


Input Capacitance (UE, CS, UE, R/W, TTESH) 




7 


PF 






Input/Output Capacitance 




7 







*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 7(yC, Vqd = 5V±10%) (Notes: 5, 6, 7, 8) 



SYIMBOL 


PARAMETER 


-70 


-80 


-10 


UNIT 


NOTES 


iVIIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Random Read, Write Cycle Time 


115 


- 


130 


- 


160 


- 






Irmw 


Read Modify Write Cycle Time 


160 


■ - 


180 


- 


220 


- 






tCE 


CE Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 






tp 


CE Precharge Time 


35 


- 


40 


- 


50 


- 






tCEA 


CE Access Time 


- 


70 


- 


80 


- 


100 






tOEA 


OE Access Time 


- 


25 


- 


30 


- 


40 






tCLZ 


CE to Output in Low -Z 


20 


- 


20 


- 


20 


- 






tOLZ 


UE to Output in Low -Z 





- 





- 





- 






tWLZ 


Output Active from End of Write 





- 





- 





- 






tCHZ 


Chip Disable to Output in High-Z 





20 





20 





25 




9 


tOHZ 


UE Disable to Output in High-Z 





20 





20 





25 




9 


tWHZ 


Write Enable to Output in High-Z 





25 





25 





30 




9 


tODS 


UE Output Disable Setup Time 





- 





- 





- 






tODH 


CE Output Disable Hold Time 


10 


- 


10 


- 


10 


- 






tpcs 


Read Command Setup Time 





- 





- 





- 






tpCH 


Read Command Hold Time 





- 





- 





- 






tcss 


Chip Select Setup Time 





- 





- 





- 


ns 




tcSH 


Chip Select Hold Time 


20 


- 


25 


- 


30 


- 




twp 


Write Pulse Width 


20 


- 


25 


- 


30 


- 






twCH 


Write Command Hold Time 


35 


10,000 


40 


10,000 


50 


10,000 






tcWL 


Write Command to CE Lead Time 


20 


10,000 


25 


10,000 


30 


10,000 






tosw 


Data Setup Time from R/W 


15 


- 


20 


- 


25 


- 




10 


tosc 


Data Setup Time from CE 


15 


- 


20 


- 


25 


- 




10 


tQHW 


Data Hold Time from R/W 





- 





_ 





- 




10 


^DHC 


Data Hold Time from CE 





- 





- 





- 




10 


Use 


Address Setup Time 





- 





- 





- 




11 


Uhc 


Address Hold Time 


20 


- 


25 


- 


30 


- 




11 


tpHC 


RFSH Command Hold Time 


15 


- 


15 


- 


15 


- 






tpc 


Auto Refresh Cycle Time 


115 


- 


130 


- 


160 


- 






tRPD 


RFSH Delay Time from CE 


35 


- 


40 


- 


50 


- 






tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 


tpp 


RFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


160 




160 




190 






12 


tREF 


Refresh Period (512 cycles, AO ~ A8) 




8 




8 




8 


ms 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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Notes: 



1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) boo ^i^cl loDF4 depend on the cycle time. 

4) Iddo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 00|is with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 
Input Levels 



V|H = 2.6V 
V|L = 0.6V 



INPUT 



2.6V' 
0.6V' 



V|H = 2.4V 
V|L = 0.8V 



Input Reference Levels 
Output Reference Levels 
8) Measured with a load equivalent to 1 TIL load and lOOpF. 



OUTPUT 







-2.4V 
-ORV 








> 


-2.2V 









VoH = 2.2V 
Vol = 0.8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



9) k:HZ< kDHZ' 'twHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10) For write cycles, the input data is latched at the earlier of FWV or CE rising edge. Therefore, the 
input data must be valid during the setup time (tQsw or Xqqq) and hold time (toHw or ^ohc)- 

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be 
valid during t^sc ^i^cl tAHc- 



1 2) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE = V|H. 



Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tp^s (min.) 

The timing parameter tpRs must be met for proper device operation under the following conditions: 

• a fter sel f refresh 

• if RFSH = "L" after power-up 
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Write Cycle 2 (OE Clocked) 




Write Cycle 3 (OE Fixed Low) 
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Read Modify Write Cycle 



tRMW 



A0~ A16 




R/W 



VlH - 

I/01~l/08 

I VoH- 
I — OUT 



CE Only Refresh 



cs 



A0~ A8 



VlH - 



1/01-1/08 



IF5h 




Note:A9~A16 = V|H or V|l 



HorL 
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Auto Refresh 



tRFO 
^ 



• 4 i^*^ » 



V|H -" 



Jesl 



tFC 



1< » | 



tFP 



i/oi~i;o8 

Vol - 

Note : CS, OE, R/W, AO ~ A1 6 = V|h or V||_ 

Self Refresh 

VlH - 



CE 



tFP 



V,H - 



OPEN 



- 



1/01-1/08 



VoH - 



Vol - 

Note : CS, OE, R/W, AO - A1 6 = V|h or V,l 



OPEN 



CS standby Mode 




i/oi-t/oa 

Vol - 



Note : OE, R/W, AO - A1 6 = V|h or V|l 



OPEN 



: H or L 

a2 
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SILICON GATE CMOS 

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM 

Description 

The TC51 851 2PL is a 4M bit liigli speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. The TC51 851 2PL utilizes 
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power storage. The 
TC51 851 2PL operates from a single 5V power supply Refreshing is supported by a refresh (OE/RFSH) input which enables two 
types of refreshing - auto refresh and self refresh. The TC518512PL features a static RAM-like interface with a write cycle in which 
the input data is written into the memory cell at the rising edge of RAN thus simplifying the microprocessor interface. 

The TC51 851 2PL is available in a 32-pin, 0.6 inch width plastic DIP, a small outline plastic flat package, and a thin small outline 
package (forward type, reverse type). 



Features 

• Organization: 524,288 words x 8 bits 

• Single 5V power supply 

• Fast access time 



Pin Connection (Top View) 





TC518512PL Family 


-70 


-80 


-10 


tcEA^ Access Time 


70ns 


80ns 


100ns 


toEA^ Access Time 


30ns 


30ns 


40ns 


Irc Cycle Time 


115ns 


130ns 


160ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


200|iA 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 2048 refresh cycles/32ms 

• Package 

- TC518512PL: DIP32-P-600 

- TC518512FL: SOP32-P-525 

- TC518512FTL:TSOP32-P-400 

- TC518512TRL:TSOP32-P-400A 

Pin Names 



AO ~A18 


Address Inputs 


RJVJ 


Read/Write Control Input 




Output Enable Input 
Refresh Input 


Ce 


Chip Enable Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 
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Block Diagram 



GND 



COLUMN 
ADDRESS 
BUFFER (8) 



A10 

~J\|rOW 
1 ADDRESS 
11/ BUFFER (11) 



REFRESH 
COUNTER(II) 



CLOCK y 
GENERATOR 



h 



R/W o- 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



2048 



UU Uii 



MEMORY 
ARRAY 
2048x256x8 



Cn 



a. eo 

— QC 



<"■ * 

< 3 

O OD 



REFRESH 




REFRESH 


CONTROLLER 




TIMER 



3^ 
a. eo 

Ocs 

Ui 

<u. 
»- u. 
< 3 
O 00 



O 

3i 



Operating Mode 

















MODE 


PIN 


CE 


OE/ 
RFSH 


R/W 


A0~A18 


1/01 - 8 


Read 




L 


L 


H 


V* 


OUT 


Write 




L 




L 


V* 


IN 


only Refresh 




L 


H 


H 


V* 


HZ 


Auto/Self Refresh 


H 


L 






HZ 


Standby 


H 


H 






HZ 



H = High level input (V|h) 
I - Low level input (ViJ 
* =V|HorV|L _ 

V* At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are ' 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0 ~ 7.0 


V 




Vqut 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1 .0 ~ 7.0 


V 




Tqpr 


Operating Temperature 


0-70 


°c 


1 


TSTRG 


Storage Temperature 


-55-150 


°c 


TSOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




bur 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYIVIBOL 


PARAMETER 


IVIIN. 


TYP. 


[MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 1-0 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 



DC Characteristics (Ta = ~ TCC, Vdd = 5V±10%) 



SYIMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

Cfe, Address cycling: Irq = tpc min. 


70ns version 


_ 


50 


70 


mA 


3,4 


80ns version 


_ 


45 


60 


1 00ns version 


_ 


35 


50 


'DDS1 


Standby Current 

= V|H, OE/RFSH = V|H 








mA 




IdDS2 


Standby Current 

CE = Vdd - 0-2V UE/nFSH = Vdd - 0.2V 








II A 
HA 




boFi 


Self Refresh Current (Average) 
= V|H, UE/RFSH = V|L 


_ 


_ 


1 


mA 




IdDF2 


Self Refresh Current (Average) 
= Vdd - 0.2V OE/RFSH = 0.2V 


- 


- 


200 


ha 




'dDF3 


Auto Refresh Current (Average) 
D^E/RFSH cycling: tpc = tpc min. 


70ns version 


- 


- 


70 


mA 


3 


80ns version 






60 


1 00ns version 






50 


'dDF4 


CE only Refresh Current (Average) 
CE, Address cycling: tpc = Irc niin. 


70ns version 






70 


mA 


3 


80ns version 






60 


1 00ns version 






50 


l|(L) 


Input Leakage Current 

OV < V|N < Vdd, AH other Inputs not under test = OV 






±10 


ha 




'O(L) 


Output Leakage Current 

Output Disabled (CE = V|h or DE/RFSH = V|h or R/W = ViJ 
OV<Vout^Vdd 






±10 


ma 




VoH 


Output High Level 
Iqh = -1 .0mA 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 





Capacitance* (Vdd = ^V, Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C,i 


Input Capacitance (AO ~ A18) 




5 


PF 


C|2 


Input Capacitance (CE, DE/RFSH, R/W) 




7 


C|0 


Input/Output Capacitance 




7 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C, Vqq = 5V±10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-70 


-80 


-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read, Write Cycle Time 


115 


- 


130 


- 


160 


- 






tRMW 


Read Modify Write Cycle Time 


165 


- 


180 


- 


220 


- 






tcE 


Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 






tp 


CE Precharge Time 


35 


- 


40 


- 


50 


- 






tcEA 


CE Access Time 


- 


70 


- 


80 


- 


100 






toEA 


C5E Access Time 


- 


30 


- 


30 


- 


40 






tcLZ 


UE to Output in Low -Z 


20 


- 


20 


- 


20 


- 






toLZ 


UE to Output in Low -Z 





- 





- 





- 






tWLZ 


Output Active from End of Write 





- 





- 





- 






tcHZ 


Chip Disable to Output in High-Z 





20 





20 





25 




9 


tOHZ 


UE. Disable to Output in High-Z 





20 





20 





25 




9 


twHZ 


Write Enable to Output in High-Z 





20 





20 





25 




9 


tosc 


UE Setup Time Referenced to CE 


10 


- 


10 


- 


10 


- 




9 


toHC 


Hold Time Referenced to UE 





- 





- 





- 




9 




Read Command Setup Time 





- 





- 





- 








Read Command Hold Time 





- 





- 





- 


ns 






Write Pulse Width 


25 


- 


25 


- 


30 


- 






twCH 


Write Command Hold Time 


40 


- 


40 


- 


50 


- 






tcWL 


Write Command to CE Lead Time 


25 


- 


25 




30 


- 






tosw 


Data Setup Time from R/W 


20 


- 


20 


_ 


25 


- 




10 




Data Setup Time from CE 


20 


- 


20 


- 


25 


- 




10 




Data Hold Time from R/W 





- 





- 





- 




10 


toHC 


Data Hold Time from CE 





- 





- 





- 




10 


tASC 


Address Setup Time 





- 





- 





- 




11 


Uhc 


Address Hold Time 


15 


- 


20 


- 


25 


- 




11 


tpc 


Auto Refresh Cycle Time 


130 


- 


130 


- 


160 


- 






^RFD 


RFSH Delay Time from UE 


40 


- 


40 


- 


50 


- 






tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 


tpp 


RFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


UE Delay Time from RFSH (Self Refresh) 


160 




160 




190 






12 


tpEF 


Refresh Period (2048 cycles, AO ~ A1 0) 




32 




32 




32 


ms 




tj 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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Notes: 

1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) boo ' Iddf3- si^d Idqp4 depend on the cycle time. 

4) Iddo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 00|is with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume ty = 5ns. 



7) Timing reference levels 
Input Levels 



V|H = 2.6V 
V|L = 0.6V 



INPUT 



2.6 V' 
0.6V' 



V|H = 2.4V 
V|L = 0.8V 



Input Reference Levels 
Output Reference Levels 
8) Measured with a load equivalent to 1 TTL load and 1 0OpF. 



OUTPUT 



ZD 


-2.4V 
-OflV 








> 


-2JV - 
-0 8V 









VoH = 2.2V 
Vol = 0.8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



9) tcHZ> ^OHZ' ^WHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the input data must be valid 
during the setup time (tpsw ^Dsc) ^i^d hold time (tonw o"" ^dhc)' 

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during t^sc ^nd t^Hc- 



1 2) The two refresh ope rations , auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V|h. 
Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tp^s (i^'"^-) 

The timing parameter tppis must be met for proper device operation under the following conditions; 

• a fter self ref resh 

• if OE/RFSH = "L" after power-up 
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TC51 851 2PUFL/FTL/rRL-70/80/1 



Static RAM 



Timing Waveforms 
Read Cycle 



v,H - — 7 



V.H ^ 

A0~ A18 V 



R/W 



1/01-1/08 




VoH- 
VOL- 



Write Cycle 1 (OE Fixed High) 



AO - A18 w 



?5E/ffF5H 



R/W 



vol -1/08 y^i^ _■ 
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static RAM 



TC51 851 2PL/FL/FTL/TRL-70/80/1 



Write Cycle 2 (OE Ciocited or Fixed Low) 

v,H - — 7 



AO - A18 

R/W 
1/01-1/08 

Lout 

VOL — 

Read Modify Write Cycle 




tRMW 




U01~l/08 

l_o - 



: H orL 
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Static RAM 



CE Only Refresh 



AO- AlO \y 



l/01~l/O8 




VoL- 



OPEN 



Note: A11 ~A18 = V|h orV|L 



HorL 



Auto Refresh 



VlH - 
V,L - 



tRFO 



tFC 



— » 



I/O 1 -I/OS 



VOH - 



Vol - 

Note : R/W, AO ~ A1 8 = V|h or V|l 



OPEN 



Self Refresh 



V|H - 
ViL - 



tRFD 



tFP 



jFAi. 



U01-I/08 



VoH - 



Vol - 

Note : R/W, AO ~ A18 = V|h or V|l 



OPEN 
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TC518512PL/FL/F1X/TRL70(LT)/80(LT)/10(LT) 



SILICON GATE CMOS 

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM 



Description 

The TC51 851 2PL is a 4M bit high speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. Tiie TC51 851 2PL utilizes 
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power storage. The 
TC51 851 2PL operates from a single 5V power supply. Refreshing is supported by a refresh (OBRFSH) input which enables two 
types of refreshing - auto refresh and self refresh. The TC51 851 2PL features a static RAM-like interface with a write cycle in which 
the input data is written into the memory cell at the rising edge of RAN thus simplifying the microprocessor interface. The 
TC51851 2PL-(LT) is guaranteed over an operating temperature range of -20 ~ 70°C. 

The TC51 851 2PL is available in a 32-pin, 0.6 inch width plastic DIP, a small outline plastic flat package, and a thin small outline 
package (forward type, reverse type). 



Features 

• Organization: 524,288 words x 8 bits 

• Single 5V power supply 

• Fast access time 





TC518512PL-(LT) Family 


-70 


-80 


-10 


tcEA^ Access Time 


70ns 


80ns 


100ns 


toEA^ Access Time 


30ns 


30ns 


40ns 


Irc Cycle Time 


115ns 


130ns 


160ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


220nA 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Wide operating temperature: -20 ~ 70°C 

• Refresh: 2048 refresh cycles/32ms 

• Package 

- TC518512PL:DIP32-P-600 

- TC518512FL: SOP32-P-525 

- TC518512FTL:TSOP32-P-400 

- TC518512TRL:TSOP32-P-400A 

Pin Names 



AO- A18 


Address Inputs 


RAW 


Read/Write Control Input 


UE/RFSH 


Output Enable Input 
Refresh Input 




Chip Enable Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



Pin Connection (Top View) 
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TGSI 851 2PUFL/FTL/TRL-70(LT)/80(LT)/1 0(LT) Static RAM 



Block Diagram 

Voo GND 



A18 
-11 



iA 



COLUMN 
ADDRESS 
BUFFER (8) 



A10 

~A Trow 

fl ADDRESS 
11/ BUFFER (11) li 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



REFRESH 
COUNTER(ll) 



ILJi 



CLOCK 1-i 
GENERATOR 



2048 



MEMORY 
ARRAY 
2048x256x8 



3 ^ 
a. 00 

h- u. 
< 3 
O CD 



o 

5! 



7^ 



R/W o- 



REFRESH 




REFRESH 


CONTROLLER 




TIMER 



3 ^ 
a. 00 
I-.'-' 

o« 

Ui 

<u. 
K- u. 
<3 
O 00 



Operating Mode 



^^--^^ PIN 
MODE 


CE 


OE/ 
RFSH 


R/W 


A0~A18 


1/01 - 8 


Read 
Write 

only Refresh 


L 
L 
L 


L 
H 


H 
L 
H 


V* 
V* 
V* 


OUT 
IN 
HZ 


Auto/Self Refresh 


H 


L 






HZ 


Standby 


H 


H 






HZ 



H = High level input (V|h) 
L = Low level input (Vij 
* =V|HorV|L _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are "*". 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




VOUT 


Output Voltage 


-1 .0 - 7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




"•"OPR 


Operating Temperature 


-20 - 70 


°c 


1 


TSTRG 


Storage Temperature 


-55-150 


°c 


"•"solder 


Soldering Temperature • Time 


260 • 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 10 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 



DC Characteristics (Ta = -20 ~ 70°C, Vqd = 5V±10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

UE, Address cycling: tpc = tpc min. 


70ns version 




50 


70 


mA 


3,4 


80ns version 




45 


60 


1 00ns version 




35 


50 


'ddsi 


Standby Current 

UE = V|H,t5E/RFSH = V|H 






1 


mA 




'dDS2 


Standby Current 

= Vdd - 0.2V, DE/RFSR = Vdd - 0.2V 






200 


ma 




•ddfi 


Self Refresh Current (Average) 
UE = V,H, CE/RFSH = V|L 






1 


mA 




IdDF2 


Self Refresh Current (Average) 
UE = Vdd - 0.2V ^RFSH = 0.2V 


_ 


100 


220 


HA 




1 

'DDF3 


Auto Refresh Current (Average) 
QE/RFSH cycling: tpc = Vc f^iin. 


70ns version 


- 


- 


70 


mA 


3 


80ns version 






60 


1 00ns version 






50 


'dDF4 


UE only Refresh Current (Average) 
CE, Address cycling: tpc = Irc fni"- 


70ns version 






70 


mA 


3 


80ns version 






60 


1 00ns version 






50 


'l(L) 


Input Leakage Current 

OV < V|N < Vdd, All other Inputs not under test = OV 






+10 


HA 




'O(L) 


Output Leakage Current 

Output Disabled (CE = V|h or DE/RFSH = V|h or RM = V|l) 

OV<Vout^Vdd 






±10 


HA 




VoH 


Output High Level 
Iqh = -1 -OmA 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 





Capacitance* (Vdd = 5V, Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C|i 


Input Capacitance (AO ~ A1 8) 




5 




C|2 


Input Capacitance (CE, GE/RFSR, R/W) 




7 




Input/Output Capacitance 




7 



*This parameter Is periodically sampled and Is not 100% tested. 
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AC Characteristics (Ta = -20 ~ TCC, Vqd = 5V±10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-70 


-80 


-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




Random Read, Write Cycle Time 


115 




130 




160 








Irmw 


Read Modify Write Cycle Time 


165 




180 




220 








tCE 


CE Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 






tp 


UE Precharge Time 


35 




40 




50 








tCEA 


CE Access Time 




70 




80 




100 






tOEA 


UE Access Time 




30 




30 




40 






tCLZ 


UE to Output in Low -Z 


20 




20 




20 








tOLZ 


UE to Output in Low -Z 





















twLZ 


Output Active from End of Write 





















tCHZ 


Chip Disable to Output in High-Z 





20 





20 





25 




9 


tOHZ 


DE Disable to Output in High-Z 





20 





20 





25 




9 


twHZ 


Write Enable to Output in High-Z 





20 





20 





25 




9 


bsc 


UE Setup Time Referenced to UE 


10 




10 




10 






9 


tOHC 


UE Hold Time Referenced to UE 



















9 


^RCS 


Read Command Setup Time 





















Irch 


Read Command Hold Time 

















ns 




W 


Write Pulse Width 


25 




25 




30 








twCH 


Write Command Hold Time 


40 




40 




50 








tcWL 


Write Command to UE Lead Time 


25 




25 




30 








^DSW 


Data Setup Time from R/W 


20 




20 




25 






10 


^DSC 


Data Setup Time from UE 


20 




20 




25 






10 


tOHW 


Data Hold Time from R/W 



















10 


tOHC 


Data Hold Time from UE 



















10 


^ASC 


Address Setup Time 



















11 


^AHC 


Address Hold Time 


15 




20 




25 






11 


tpc 


Auto Refresh Cycle Time 


130 




130 




160 








^RFD 


RFSH Delay Time from UE 


40 




40 




50 








tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 


tpP 


RFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


UE Delay Time from RFSH (Self Refresh) 


160 




160 




190 








tREF 


Refresh Period (2048 cycles, AO ~ A1 0) 




32 




32 




32 


ms 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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TC51 851 2PL/FL/FTL/TRL-70(LT)/80(LT)/1 0(LT) 



Notes: 



1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) Iqqo, Iddf3. and Iddf4 depend on the cycle time. 

4) Iddo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 100ns W\Vr\ high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 
Input Levels 



V|H = 2.6V 
V|L = 0.6V 



INPUT 



2.6 V' 
0.6V- 



V|H = 2.4V 
V|L = 0.8V 



Input Reference Levels 
Output Reference Levels 
8) Measured with a load equivalent to 1 TTL load and tOOpF. 



OUTPUT 



— X 


-2.4V 

-nftv 










> 


-2.2v 

-08V 



VoH = 2.2V 
Vol = 0.8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



9) ^CHZ' ^OHZ> ^WHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

1 0) For write cycles, the input data is latched at the earlier of RAN or CE rising edge. Therefore, the input data must be valid 
during the setup time (tpsw oi' ^dsc) 3^r\6 hold time (t^Hw or toHc)- 

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during t^sc ^i^d tAHc- 



1 2) The two refresh ope rations , auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V^. 
Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tpAs ("T^in-) 

The timing parameter tpps must be met for proper device operation under the following conditions: 

• a fter self ref resh 

• if OE/RFSH = "L" after power-up 
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TC51851 2PUFUFTL/TRL-70(LT)/80(LT)/1 0(LT) Static RAM 



Timing Waveforms 
Read Cycle 



A0~ A18 



R/W 



1/01-1/08 




Write Cycle 1 (OE Fixed High) 



AO - A18 



OE/RRh 



R/W 



V0 1-1/08 
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Write Cycle 2 (OE Clocked or Fixed Low) 




Read Modify Write Cycle 



tRMW 



A0~ A18 



R/W 




V|H - 

V0 1-1/08 
1-0 



:HorL 
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TC518512PL/FL/FTL/TRL-70(LT)/80(LT)/10(LT) Static RAM 




AO - A10 



1/01-1/08 



VoH- 
Vou-' 



OPEN 



Note: A11 ~ A1 8 = V,h or V|l 



HorL 



Auto Refresh 



V.L 



V,H - 



tRFO 



tFC 



,tfAP 



\ 



1/01-1/08 



VOH 



Vol - 

Note ■. R/W, AO ~ A1 8 = V|h or V|l 



OPEN 



Self Refresh 



J 



tRFD 



tFP 



V|H - 



7~\ 



Jfas. 



tOHC^ 



1/01-1/08 



VoH - 



Vol - 

Note : R/W, AO - A1 8 = V|h or V|l 



OPEN 
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TC518512PL/FL/FTL/TRL-70(DK)/80(DR)/10(DKl 



SILICON GATE CMOS 

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM 



Description 

The TC51 851 2PL is a 4M bit higli speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. The TC51 851 2PL utilizes 
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power storage. The 
TC51851 2PL operates from a single 5V power supply Refreshing is supported by a refresh (OE/RFSH) input which enables two 
types of refreshing - auto refresh and self refresh. The TC51 851 2PL features a static RAM-like interface with a write cycle in which 
the input data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface. 

The TC51 851 2PL is available in a 32-pin, 0.6 inch width plastic DIP, a small outline plastic flat package, and a thin small outline 
package (forward type, reverse type). 



Features 

• Organization: 524,288 words x 8 bits 

• Single 5V power supply 

• Data retention supply voltage; 3.0V ~ 5.5V 

• Fast access time 





TC518512PL-(DR) Family 


-70 


-80 


-10 


tcEA^ Access Time 


70ns 


80ns 


100ns 


toEA^ Access Time 


30ns 


30ns 


40ns 


tfic Cycle Time 


115ns 


130ns 


160ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


5.5V 


200nA 


3.0V 


lOOnA 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 2048 refresh cycles/32ms 

• Package 

- TC518512PL: DIP32-P-600 

- TC518512FL: SOP32-P-525 

- TC518512FTL:TSOP32-P-400 

- TC518512TRL:TSOP32-P-400A 
Pin Names 



AO ~ A18 


Address Inputs 


RW 


Read/Write Control Input 


UE/RFSR 


Output Enable Input 
Refresh Input 


CE 


Chip Enable Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



Pin Connection (Top View) 

PL/FUFTL 



AiaC 
A16L 
A14C 
A12C 

A7C 

A6L 

A5C 

A4C 

A3C 

A2C 10 

AlC 11 

AOC 12 
1/01 C 13 
1/02 C 14 
1/03 C 15 
GNDC 16 



32 
31 

30 d 

29 

28d 

27 d 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 



032 
031 
30 
D29 
28 
P27 
26 
C 25 
^I?5hC 24 
A10 C 23 



Voo 
A15 
A17 
R/W 
A13 
AS 
A9 
AH 



1/08 
1/07 
1/06 
1/05 
1/04 



C 22 
C 21 
C 20 
C 19 
C 18 
C 17 



TRL 



3ai8 

]A16 
] AU 
]A12 
]A7 
]A6 
]A5 

8 ]A4 

9 ] A3 

10 ]A2 

11 ]A1 

12 3ao 

13 ]l/01 

14 ]l/02 

15 31/03 

16 3GND 
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TC518512PL/FL/FTL/TRL-70(DR)/80(DR)/10(DR) Static RAM 



Block Diagram 

Voo GND 
o 

A18 
-\1 



[8 
A10 



LA 



COLUMN 
ADDRESS 
BUFFER (8) 



ROW 
ADDRESS 
BUFFER (11) 



n 11 



REFRESH 
COUNTER(ll) 



CLOCK 
GENERATOR 



R/W o- 




COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



3 



2048 



256x8 



MEMORY 
ARRAY 
2048x256x8 



3 ^ 
a. 00 
Z — 
— oc 

UJ 

<u. 

%^ 

O 00 



5i 



REFRESH 




REFRESH 


CONTROLLER 




TIMER 



3 ^ 
a. 00 

»-.'-' 

On: 

Ui 

t- u. 

o 



Operating Mode 



MODE 


PIN 


CE 


OE/ 
RFSH 


R/W 


A0~A18 


1/01-8 


Read 




L 


L 


H 


V* 


OUT 


Write 




L 




L 


V* 


IN 


CE only Refresh 




L 


H 


H 


V* 


HZ 


Auto/Self Refresh 


H 


L 






HZ 


Standby 


H 


H 






HZ 



H = High level Input {V|h) 
L = Low level input (V||J 
* =V|HorV|L _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are "*". 
HZ = High Impedance 



lyiaximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


VlN 


Input Voltage 


-1.0-7.0 


V 




VoUT 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




TOPR 


Operating Temperature 


0-70 


°c 


1 


TSTRG 


Storage Temperature 


-55-150 


°c 




TsOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 1.0 


V 


VlL 


Input Low Voltage 


-1.0 




0.8 


V 



DC Characteristics (Ta = ~ 7(yC, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

CE, Address cycling: tpc = tpc min. 


70ns version 


- 


50 


70 


mA 


3,4 


80ns version 


- 


45 


60 


1 00ns version 


- 


35 


50 


^DDS1 


Standby Current 

CE = V|H,?5E/RF5FI = V|H 






1 


mA 




^DDS2 


Standby Current 

= Vdd - 0.2V, UE/RFSh = Vdd - 0.2V 






200 


uA 




'ddfi 


Self Refresh Current (Average) 
UE = V|H,nE/RFSH = V|L 


- 


- 


1 


mA 




'dDF2 


Self Refresh Current (Average) 
CE = Vdd - 0.2V, UE/RFSH = 0.2V 


- 


100 


200 


mA 




'dDF3 


Auto Refresh Current (Average) 
OE/RFSH cycling: tpc = tpc f^iin. 


70ns version 


- 


- 


70 


mA 


3 


80ns version 






60 


1 00ns version 






50 


'dDF4 


only Refresh Current (Average) 
CE, Address cycling: tRc = ^RC f^'"- 


70ns version 






70 


mA 


3 


80ns version 






60 


1 00ns version 






50 


'l(L) 


Input Leakage Current 

OV < ViN < Vdd, All other Inputs not under test = OV 






±10 


HA 




'O(L) 


Output Leakage Current 

Output Disabled (CE = V|h or DE/RFSH = V|h or R/W = V|l) 
OV<Vout^Vdd 






+10 


HA 




VoH 


Output High Level 
Iqh = -1 -OmA 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 





Capacitance* (VpD = 5V, Ta = IS'C, f = IIVIHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 




Input Capacitance (AO ~ A18) 




5 


PF 


C|2 


Input Capacitance (CE, ^/RF5H, R/W) 




7 




Input/Output Capacitance 




7 



*This parameter is periodically sampled and is not 100% tested. 
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TC518512PL/FL/FTUTRL-70(DR)/80(DR)/10(DR) Static RAM 



AC Characteristics (Ta = ~ 70°C, Vdq = 5V+10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-70 


-80 


-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tpc 


Random Read, Write Cycle Time 


115 


- 


130 


- 


160 


- 






tRMW 


Read Modify Write Cycle Time 


165 


- 


180 


- 


220 


- 






tcE 


UE Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 






tp 


CE Precharge Time 


35 


- 


40 


- 


50 


- 






tcEA 


CE Access Time 


- 


70 


- 


80 


- 


100 






toEA 


DE Access Time 


- 


30 


- 


30 


- 


40 






tcLZ 


CE to Output in Low -Z 


20 


- 


20 


- 


20 


- 






buz 


^ to Output in Low -Z 





- 





- 





- 






twLZ 


Output Active from End of Write 





- 





- 





- 






tcHZ 


Chip Disable to Output in High-Z 





20 





20 





25 




9 


toHZ 


UE Disable to Output in High-Z 





20 





20 





25 




9 


^WHZ 


Write Enable to Output in High-Z 





20 





20 





25 




9 


tosc 


DE Setup Time Referenced to CE 


10 


- 


10 


- 


10 


- 




9 


tOHC 


DE Hold Time Referenced to CE 





- 





- 





- 




9 


tRCS 


Read Command Setup Time 





- 





- 





- 






Irch 


Read Command Hold Time 





- 





- 





- 


ns 






Write Pulse Width 


25 


- 


25 


- 


30 


- 






twCH 


Write Command Hold Time 


40 


- 


40 


- 


50 


- 






tcWL 


Write Command to UE Lead Time 


25 


- 


25 


- 


30 


- 








Data Setup Time from R/W 


20 


- 


20 


- 


25 


- 




10 


tosc 


Data Setup Time from CE 


20 


- 


20 


- 


25 


- 




10 




Data Hold Time from RA/V 





- 





- 





- 




10 


tOHC 


Data Hold Time from CE 





- 





- 





- 




10 


Use 


Address Setup Time 





- 





- 





- 




11 


^AHC 


Address Hold Time 


15 


- 


20 


- 


25 


- 




11 


tFC 


Auto Refresh Cycle Time 


130 


- 


130 


- 


160 


- 






Irfd 


RFSH Delay Time from UE 


40 


- 


40 


- 


50 


- 






tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 


tpp 


fiFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


UE Delay Time from RFSH (Self Refresh) 


160 




160 




190 






12 


Iref 


Refresh Period (2048 cycles, AO ~ A1 0) 




32 




32 




32 


ms 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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Notes: 

1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) Iddo, Iddf3> ^i^cI Iddf4 depend on the cycle time. 

4) Iddo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 100ns with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 

7) Timing reference levels 

Input Levels : V|h = 2.6V 

V|L = 0.6V 



Input Reference Levels : V|h = 2.4V 

V|L = 0.8V 

Output Reference Levels : Vqh = 2.2V 

Vol = 0.8V 

8) Measured with a load equivalent to 1 TTL load and 1 0OpF. 

9) ^CHZ' ■^OHZ' Whz define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

1 0) For write cycles, the input data is latched at the earlier of RA/V or CE rising edge. Therefore, the input data must be valid 
during the setup time (tDsw oi" ^^osc) 3"^^ hold time (tpHw of" ^dhcI- 

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during t^sc ^^'^ Uhc- 



1 2) The two refresh ope rations , auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = Vih- 
Auto refresh : RFSH pulse width < tp^p (max.) 
Self refresh : RFSH pulse width > tp^s (min.) 

The timing parameter tpps niust be met for proper device operation under the following conditions: 

• a fter self ref resh 

• if OE/RFSH = "L" after power-up 



INPUT 



OUTPUT 



2.6V' 
0.6V' 



X 


-5.'4V 
-OBV 










> 


-2.2V 
-08V 



INPUT REFERENCE 
LEVEL 



OUTPUT REFERENCE 
LEVEL 
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Data Retention Characteristics (Ta = ~ 70°C) 



SYIMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


3.0 




5.5 


V 


■ddfz 


Self Refresh Current 


Vdh = 3.0V 




50 


100 


ma 


Vdh = 5.5V 




100 


200 


tR 


Recovery Time 


5 






ms 



*The rising and falling slope of Vqd must be more tlian 50ms for proper device operation (20msA/). 



VOD 



Voo - 

4.SV _ 

VoH - 

GNO _ 



15I/RFSH 



GNO 



CE 



V,H -■ 

Vit . 
GNO - 



Notes: 




r 



T 



DATA RETENTION MODE 



Qm min. 



(SELF REFRESH) 



S0.2V 



avoo - 0.2V 



n 



R/W, AO- A18 = V|H0rV|L 

lpQFi is applicable when OE/RFSH = V|l (max.), CE = V|h (min.). 
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Timing Waveforms 
Read Cycle 




1/01-1/08 



VoH- 



Write Cycle 1 (OE Fixed High) 



fVW 



ViH - 

1/01-1/08 _• 




: H or L 
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Write Cycle 2 (OE Clocked or Fixed Low) 

V|H / 




VlH - 

1/01-1/08 

i-ouT 

Vol — 



Read i\1odify Write Cycle 
v,H - — -T— 



— -—< DATA-IN \ 




A0~ A 18 



V|H — " 



R/W 



ViH - 

1/01-1/08 
I OUT 




HorL 
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CE Only Refresh 



AO ~ A10 



R/W 




I/0 1~ 1/08 



VoH- 
VOL-' 



Auto Refresh 



V,L - 



v,H - 



OPEN 

Note: A11 ~ A1 8 = V|h or V,l 



m 



HorL 



Ma? 



\ 



1/01-1/08 



VoH - 



Vol - 

Note: R/W, AO ~ A1 8 = V|h or V||_ 



OPEN 



Self Refresh 



V,L — 



H M 



ViH - 



7^ 



tOHC^ 



1/01~V08 



VoH - 



Vol - 

Note: RA/V, AO ~ A1 8 = V|h or V|l 



OPEN 
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TC518512PL/FL/FTL/TRL70LV/80LV/10LV 



SILICON GATE CMOS 

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM 



Description 

The TC51 851 2PL is a 4M bit higli speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. The TC51 851 2PL 
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed a nd low pow er 
storage. The TC51 851 2PL-L\/ operates from a single 3.0V ~ 5.5V power supply. Refreshing is supported by a refresh (OBRFSH) 
input which enables two types of refreshing - auto refresh and self refresh. The TC51 851 2PL features a static RAM-like interface 
with a write cycle in which the input data is written into the memory cell at the rising edge of R/W thus simplifying the microproces- 
sor interface. 

The TC51 851 2PL is available in a 32-pin, 0.6 inch width plastic DIP, a small outline plastic flat package, and a thin small outline 
package (forward type, reverse type). 



Features 

• Organization: 524,288 words x 8 bits 

• Low voltage operation: 3.0V ~ 5.5V 

• Data retention supply voltage: 3.0V ~ 5.5V 

• Fast access time 





TC518512PL-LV Family 


-70 


-80 


-10 


tcEA^ Access Time 


70ns 


80ns 


100ns 


toEA^ Access Time 


30ns 


30ns 


40ns 


tpc Cycle Time 


115ns 


130ns 


160ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


5.5V 


200nA 


Self Refresh Current 


3.0V 


100nA 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 2048 refresh cycles/32ms 

• Package 

- TC518512PL: DIP32-P-600 

- TC518512FL: SOP32-P-525 

- TC518512FTL:TSOP32-P-400 

- TC518512TRL:TSOP32-P-400A 
Pin Names 



A0~A18 


Address Inputs 




Read/Write Control Input 


GE/RFSR 


Output Enable Input 
Refresh Input 




Chip Enable Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 



Pin Connection (Top View) 

PL/FL/FTL 



TRL 



A18[ 


1 






032 




]A18 


A16C 


2 




A15 


031 


2 


]A16 


A14C 


3 


30 d 


A17 


03O 


3 


]au 


A12C 


4 


29 


R/W 


29 


4 


]A12 


A7C 


5 


28 d 


A13 


U28 




]A7 


A6C 


6 


27 d 


AS 


027 


6 


]A6 


ASC 


7 


26 d 


A9 


p26 


7 


]A5 


A4C 


8 


25 P 


All 


25 


8 


]A4 


A3C 


9 


24 


OE/RFSH 


24 


9 


]A3 


A2C 


10 


23 g 


A10 


□ 23 


10 


3A2 


AlC 


n 


22 1 




□ 22 


11 


3ai 


AOC 


12 


21 1 


t/08 


021 


12 


3 AO 


1/0 iC 


13 


20 


1/07 


20 


13 


31/01 


1/02 [ 


14 


19 5 


1/06 


I 19 


14 


31/02 


1/03 C 


15 


ISQ 


1/05 


y 18 


15 


31/03 


gndC 


16 


17P 


1/04 


M 17 


16 


3GND 
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Block Diagram 



A 18 
- \ 1 



[8 
A10 



Voo GND 

i_L 



COLUMN 
ADDRESS 
BUFFER (8) 



ROW 
ADDRESS 
BUFFER (11) 



n Lv 



REFRESH 
C0UNTER(1 1) 



CLOCK P 
GENERATOR 



R/W o- 



:0 



b 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



2048 



MEMORY 
ARRAY 
2048x256x8 



UJ 



3 
O. 
Z 
— OS 



O oa 



5i 



REFRESH 




REFRESH 


CONTROLLER 




TIMER 



a. 00 
Opc 

lu 

K- U. 
< 3 
O oa 



Operating Mode 

















MODE 


PIN 


CE 


OE/ 
RFSH 


R/W 


A0~A18 


1/01 ~ 8 


Read 




L 


L 


H 


V* 


OUT 


Write 




L 




L 


V* 


IN 


only Refresh 




L 


H 


H 


V* 


HZ 


Auto/Self Refresh 


H 


L 






HZ 


Standby 


H 


H 






HZ 



H = High level input (V|h) 
L = Low level input (ViJ 
* =V|HOrV||_ _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address Inputs are ' 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0 ~ 7.0 


V 




Vqut 


Output Voltage 


-1.0 ~ 7.0 


V 




Vdd 


Power Supply Voltage 


-1.0 ~ 7.0 


V 




Tqpr 


Operating Temperature 


0-70 


°c 


1 


TSTRG 


Storage Temperature 


-55-150 


°c 


"•"solder 


Soldering Temperature • Time 


260* 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 1-0 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 



DC Characteristics (Ta = ~ 70°C, Vqc = 5V±10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


boo 


Operating Current (Average) 

Cfe, Address cycling: tRc = tpc min. 


70ns version 


- 


50 


70 


mA 


3,4 


80ns version 


- 


45 


60 


1 00ns version 


- 


35 


50 


'ddsi 


Standby Current 

= V|H, OE/RFSH = V|H 






1 


mA 




'dDS2 


Standby Current 

CE = Vdd - 0.2V DE/RFSH = Vqd - 0.2V 






200 


^lA 




Iddfi 


Self Refresh Current (Average) 
CE = V|H, OE/RFSH = V|L 


- 


- 


1 


mA 




'dDF2 


Self Refresh Current (Average) 
^ = Vdd - 0.2V OE/RFSH = 0.2V 


- 


- 


200 


HA 




'dDF3 


Auto Refresh Current (Average) 
OE/RFSH cycling: tpc = ^fc f^iin. 


70ns version 






70 


mA 


3 


80ns version 






60 


100ns version 






50 


IdDF4 


CE only Refresh Current (Average) 
CE, Address cycling: tRc = tpc min. 


70ns version 






70 


mA 


3 


80ns version 






60 


1 00ns version 






50 


'l(L) 


Input Leakage Current 

OV < V|N < Vdd, All other Inputs not under test = OV 






±10 


liA 




'O(L) 


Output Leakage Current 

Output Disabled {U£ = V|h or OE/RFSH = V|h or R/W = ViJ 
OV < VouT ^ Vdd 






±10 


HA 




VoH 


Output High Level 
Iqh = -1 OmA 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 





Capacitance* (Vdd = 5V, Ta = 25°C, f = IIVIHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C|i 


Input Capacitance (AO ~ A18) 




5 


PF 


C|2 


Input Capacitance (CE, OE/RFSH, RA/V) 




7 




Input/Output Capacitance 




7 



*This parameter is periodically sampled and is not 100% tested. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



D-187 



TC51 851 2PL/FL/FTUTRL-70LV/80LV/1 OLV Static RAM 



AC Characteristics (Ta = ~ 70°C, Vqd = 5V+10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAIWETER 


-70 


-80 


-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tpc 


Random Read, Write Cycle Time 


115 


- 


130 




160 


- 








Read Modify Write Cycle Time 


165 


- 


180 


- 


220 


- 






tcE 


Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 






tp 


UE Precharge Time 


35 


- 


40 


- 


50 


- 






tCEA 


CE Access Time 


- 


70 


- 


80 


- 


100 






tOEA 


OE Access Time 


- 


30 


- 


30 


- 


40 






tCLZ 


CE to Output in Low -Z 


20 


- 


20 


- 


20 


- 






tOLZ 


DE to Output in Low -Z 





- 





- 





- 






tWLZ 


Output Active from End of Write 





- 





- 





- 






tCHZ 


Chip Disable to Output in High-Z 





20 





20 





25 




9 


toHZ 


OE Disable to Output in High-Z 





20 





20 





25 




9 


tWHZ 


Write Enable to Output in High-Z 





20 





20 





25 




9 


tosc 


OE Setup Time Referenced to CE 


10 


- 


10 


- 


10 


- 




9 


toHC 


UE Hold Time Referenced to UE 





- 





- 





- 




9 


^RCS 


Read Command Setup Time 





- 





- 





- 






tfiCH 


Read Command Hold Time 





- 





- 





- 


ns 




twp 


Write Pulse Width 


25 


- 


25 


- 


30 


- 






twCH 


Write Command Hold Time 


40 


- 


40 


- 


50 


- 






tcWL 


Write Command to CE Lead Time 


25 


- 


25 


- 


30 


- 








Data Setup Time from RA/V 


20 


- 


20 


- 


25 


- 




10 




Data Setup Time from CE 


20 


- 


20 


- 


25 


- 




10 


^DHW 


Data Hold Time from R/W 





- 





- 





- 




10 


tOHC 


Data Hold Time from CE 





- 





- 





- 




10 


Use 


Address Setup Time 





- 





- 





- 




11 




Address Hold Time 


15 


- 


20 


- 


25 


- 




11 


tpc 


Auto Refresh Cycle Time 


130 


- 


130 


- 


160 


- 






tRFD 


RFSH Delay Time from UE 


40 


- 


40 


- 


50 


- 






tpAP 


RFSR Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 




12 


tpp 


RFSH Precharge Time 


30 




30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


160 




160 




190 






12 


tpEP 


Refresh Period (2048 cycles, AO ~ A10) 




32 




32 




32 


ms 




tj 


Transition Time (Rise and Fail) 


3 


50 


3 


50 


3 


50 


ns 





D-188 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



static RAM TC51 851 2PL/FUFTL/TRL-70LV/80LV/1 OLV 



3.3V Operation 



DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


3.0 


3.3 


3.6 


V 


2 


V|H 


Input High Voltage 


Vdd -0.2V 




Vdd + 1.0 


V 


V|L 


Input Low Voltage 


-0.5 




0.2 


V 



DC Cliaracteristics (Ta = ~ 70°C, Vqd = 3.3V±0.3V) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 
UE, Address cycling: tRc = tf\c 


_ 


15 


20 


mA 


3,4 


'dDS2 


Standby Current 






100 


mA 




'dDF2 


Self Refresh Current (Average) 




50 


100 






'dDF3 


Auto Refresh Current (Average) 
RFSH cycling: tpc = tpc f^'"- 






20 


mA 


3 


'dDF4 


CE only Refresh Current (Average) 
CE, Address cycling: tRc = Irc min. 






20 


mA 


3 


l|(L) 


Input Leakage Current 

OV < V|N < Vqd, All other Inputs not under test = OV 






±10 


HA 




'O(L) 


Output Leakage Current 

Output Disabled, OV < Vqut ^ Vdd 






±10 


HA 




VoH 


Output High Level, 
loH = -100nA 


Vdd -0.2V 






V 




Vol 


Output Low Level, 
Iql = 1 00|xA 






0.2 


V 
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AC Characteristics (Ta = ~ 70°C, Vdd = 3.3V±0.3V) (Notes: 5, 6, 8) 



SYIVIBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


NOTES 


tpc 


Random Read, Write Cycle Time 


230 


- 






tRMW 


Read Modify Write Cycle Time 


305 


- 






tcE 


CE Pulse Width 


150 


10,000 






tp 


CE Precharge Time 


80 


- 






tCEA 


Access Time 


- 


150 






toEA 


^Access Time 


- 


80 






tCLZ 


CE to Output in Low -Z 


20 


- 






tOLZ 


UE to Output in Low -Z 


5 


- 






tWLZ 


Output Active from End of Write 


5 


- 






tCHZ 


Chip Disable to Output in High-Z 





30 




9 


tOHZ 


UE Disable to Output in High-Z 





30 




9 


tWHZ 


Write Enable to Output in High-Z 





30 




9 


tosc 


HE Setup Time Referenced to CE 


10 


- 




9 


tOHC 


DE Hold Time Referenced to UE 


15 


- 




9 


Ircs 


Read Command Setup Time 





- 






tRCH 


Read Command Hold Time 





- 


ns 




twp 


Write Pulse Width 


35 


- 






twCH 


Write Command Hold Time 


70 


- 






tcWL 


Write Command to CE Lead Time 


35 


- 






bsw 


Data Setup Time from R/W 


30 


- 




10 


tosc 


Data Setup Time from CE 


30 


- 




10 




Data Hold Time from R/W 





- 




10 


toHC 


Data Hold Time from CE 





- 




10 


Use 


Address Setup Time 





- 




11 


Uhc 


Address Hold Time 


30 


- 




11 


tpc 


Auto Refresh Cycle Time 


230 


- 






tRFD 


RFSH Delay Time from CE 


80 


- 






tpAP 


RFSH Pulse Width (Auto Refresh) 


80 


8,000 




12 


tpp 


RFSH Precharge Time 


50 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 






12 


tpRS 


UE Delay Time from RFSH (Self Refresh) 


300 






12 


tREP 


Refresh Period (2048 cycles, AO ~ A10) 




32 


ms 




h 


Transition Time (Rise and Fall) 


3 


50 


ns 





Timing Reference Levels: 

Input Reference Levels: 1 .5V/1 .5V 
Output Reference Levels: 1 .5V/1 .5V 
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Notes: 



1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) Iddo, Iddf3> sw^d Iddf4 depend on the cycle time. 

4) boo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of lOOps with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 



7) Timing reference levels 
Input Levels 



V|H = 2.6V INPUT 
V|L = 0.6V 



2.6 V. 
0.6V' 



V|H = 2.4V 
V|L = 0.8V 



Input Reference Levels 
Output Reference Levels 
8) Measured with a load equivalent to 1 TTL load and lOOpF. 



OUTPUT 





-i.4V 
-ORV 










> 


-2.iv 

-0 8V 



VoH = 2.2V 
Vol = 0.8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



9) tcHZ> ^OHZ> ^WHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the input data must be valid 
during the setup time (tpsw o"" ^dsc) hold time (tpHw oi' hnc)- 

1 1) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during t^sc ^"^'^ Uhc- 



12) The two refresh ope rations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = Vih- 
Auto refi-esh : RFSH pulse width < tpAP (max.) 
Self refresh : RFSH pulse width > tp^s (nnin.) 

The timing parameter tpps f^^st be met for proper device operation under the following conditions: 

• a fter self ref resh 

• if OE/RFSH = "L" after power-up 
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Data Retention Characteristics (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


3.0 




5.5 


V 


'dDF2 


Self Refresh Current 


Vdh = 3.0V 




50 


100 


HA 


Vdh = 5.5V 




100 


200 


tR 


Recovery Time 


5 






ms 



*The rising and falling slope of Vqd must be more than 50ms for proper device operation (20msA/). 



VOD 



Voo 
4.5V 

VOM 

GNO 



GNO 



CE 



GNO 




OATA RETENTION MODE 



0ns min. 



(SELF REFRESH) 



S0.2V 



-I 



2Voo - 0-2V 



tR 



n 



Notes: R/W, AO ~ A1 8 = V|h or Vy_ 

Iddfi is applicable when OE/RFSH = V||_ (max.), CE = V|h (min.). 
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Timing Waveforms 
Read Cycle 




1/01-1/08 



VoM- 



Write Cycle 1 (OE Fixed High) 

/iH - — 7 



AO - A18 



R/W 



1/01-1/08 
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Write Cycle 2 (OE Clocl(ed or Fixed Low) 

v,H - — 7 — ' 



AO - A18 



R/W 




V,. - 



VlH - 



1/01-1/08 

l-OUT l""-. 
Vol — 



z 



21 



twCH 



1 



■ < DATA-IN *> 




^OSC 



Read Modify Write Cycle 



tRMW 




A0~ A18 



R/W 



ViH - 

l/01~V08 

I VoH- 
'— OUT 



: H or L 
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1/01-1/08 



VOH- 
Voi-" 



OPEN 

Note: A11 ~ A18 = V|h or V|l 



; HorL 



Auto Refresh 




1/01-1/08 



VOH - 



Vol - 

Note: R/W, AO ~ A1 8 = V|h or V|l 



OPEN 



Self Refresh 



ViH - 



JfiEB. 



tfP 



15E/1?RFT 



V|H - 



tOHC. 



^1 M ^FH^ ,| 



1/01-1/08 



VoH - 



Vou - 

Note: R/W, AO - A1 8 = V|h or V|l 



OPEN 
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SILICON GATE CMOS 

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM 



Description 

The TC51 851 2PI is a 4M bit high speed CMOS pseudo static i=iAM organized as 524,288 words by 8 bits. The TC51 851 2PI utilizes 
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacit y, high spee d and low power storage. The 
TC51851 2PI operates from a single 5V power supply. Refreshing is supported by a refresh (OBRFSH) input which enables two 
types of refreshing - auto refresh and self refresh. The TC518512PI features a static RAM-like interface with a write cycle in which 
the input data is written into the memory cell at the rising edge of RAN thus simplifying the microprocessor interface. The 
TC51 851 2PI is guaranteed over an operating temperature range of -40 ~ 85°C. 

The TC51 851 2PI is available in a 32-pin, 0.6 inch width plastic DIP and a small outline plastic flat package. 



Features 

• Organization: 524,288 words x 8 bits 

• Single 5V power supply 

• Fast access time 





TC518512PI Family 


-80 


-10 


tcEA^ Access Time 


80ns 


100ns 


toEA ^ Access Time 


30ns 


40ns 


tfic Cycle Time 


130ns 


160ns 


Power Dissipation 


330mW 


275mW 


Self Refresh Current 


300nA 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Wide operating temperature: -40 ~ 85°C 

• Inputs and outputs TTL compatible 

• Refresh: 2048 refresh cycles/32ms 

• Package 

- TC518512PI: DIP32-P-600 

- TC518512FI: SOP32-P-525 

Pin Names 



A0~A18 


Address Inputs 


R/W 


Read/Write Control Input 




Output Enable Input 
Refresh input 




Chip Enable Input 


1/01 ~ 1/08 


Data inputs/Outputs 


Vdd 


Power 


GND 


Ground 



Pin Connection (Top View) 

PI/FI 



A18[ 


1 


32 


] 


Voo 


A16C 


2 


31 


3 


A15 


AUC 


3 


30 


] 


A17 


A12[ 


4 


29 


3 


fWV 


A7C 


5 


28 


3 


A13 


A6C 


6 


27 


3 


A8 


A5C 


7 


26 


3 


A9 


A4C 


8 


25 


3 


All 


A3C 


9 


24 


3raiF5iT 


A2C 


10 


23 


3 


A10 


AlC 


11 


22 


3 


U 


AOC 


12 


21 


3 


I/08 


1/01[ 


13 


20 


3 


U07 


1/02 C 


14 


19 


3 


t/06 


1/03 C 


IS 


18 


3 


1/05 


GNOC 


16 


17 


3 


1/04 
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Block Diagram 



A>8 



[8 

A10 



Voo GND 



COLUMN 
ADDRESS 
BUFFER (8) 



ROW 
ADDRESS 
BUFFER (11) 



REFRESH 
COUNTER(ll) 



CLOCK y 

GENERATOR 



h 



COLUMN 
DECODER 



SENSE AMP. 1^ 
I/O GATE 



J? 



2048 



256x8 



M 



MEMORY 
ARRAY 
2048x256x8 



R/W o- 



L::C> 



3 ^ 
a. eo 



On 



<u. I 



< 3 

O CO 



REFRESH 




REFRESH 


CONTROLLER 




TIMER 



3 — 
a. 00 

h-. — 
Ul 

O 



5i 



Operating Mode 



^^""^■"------^^^ PIN 

MODE 


CE 


OE/ 
RFSH 


R/W 


A0~A18 


1/01 ~ 8 


Read 
Write 

only Refresh 


L 
L 
L 


L 
H 


H 
L 
H 


V* 
V* 
V* 


OUT 
IN 
HZ 


Auto/Self Refresh 


H 


L 






HZ 


Standby 


H 


H 






HZ 



H = High level Input (V|h) 
L = Low level Input (ViJ 
* =V|HorV|L _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are ' 
HZ = High impedance 



Maximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




VOUT 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




Tqpr 


Operating Temperature 


-40 ~ 85 


°G 


1 


TsTRG 


Storage Temperature 


-55-150 


°C 


"•"solder 


Soldering Temperature • Time 


260* 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




Vdd + 1.0 


V 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 



DC Characteristics (Ta = -40 ~ 85°C, Vqq = 5V+10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

CE, Address cycling: tpc = Irc f^iin. 


80ns version 


- 


45 


60 


mA 


3 4 


1 00ns version 


— 


35 


50 


1 

'DDS1 


Standby Current 

UE = V|H,CE/RF5R = V|H 






1 


mA 




'dDS2 


Standby Current 

UE = Vdd - 0.2V, UE/RF5H = Vdd - 0.2V 


_ 


_ 


200 


HA 




'ddfi 


Self Refresh Current (Average) 
CE = V|H, UE/RF5R = V,l 


- 


- 


1 


mA 




'dDF2 


Self Refresh Current (Average) 
CE = Vdd - 0.2V, OE/RFSR = 0.2V 


- 


- 


300 


mA 




'dDF3 


Auto Refresh Current (Average) 
OE/RFSH cycling: tpc = ^FC "^i"- 


80ns version 






60 


mA 


3 


1 00ns version 






50 


'dDF4 


CE only Refresh Current (Average) 
CE, Address cycling: tpc = tpc min- 


80ns version 






60 


mA 


3 


tOOns version 






50 


l|(L) 


Input Leakage Current 

OV < V|N < Vdd, All other Inputs not under test = OV 






+10 


HA 




'O(L) 


Output Leakage Current 

Output Disabled (CE = V|h or ^RFSH = V|h or R/W = V,l) 

OV<Vout^Vdd 






±10 


HA 




VOH 


Output High Level 
'oh = -"I -Of^A 


2.4 






V 




Vol 


Output Low Level 
loL = 2.1mA 






0.4 


V 





Capacitance* (Vqd = 5V, Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C|i 


Input Capacitance (AO ~ A18) 




5 


PF 


C|2 


Input Capacitance (CE, UE/RF5H, R/W) 




7 


C|0 


Input/Output Capacitance 




7 



*This parameter is periodically sampled and is not 100% tested. 



TOSHIBA AMERICA EI-ECTRONIC COMPONENTS, INC. 



D-199 



TC518512PI/FI.80/10 



Static RAM 



AC Characteristics (Ta = -40 ~ SS^C, Vqq = 5V±10%) (Notes: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-80 


-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read, Write Cycle Time 


130 


- 


160 


- 






tRMW 


Read Modify Write Cycle Time 


180 


- 


220 


- 






tCE 


Pulse Width 


80 


10,000 


100 


10,000 






tp 


CE Precharge Time 


40 


- 


50 


- 






tCEA 


CE Access Time 


- 


80 


- 


100 






tOEA 


DE Access Time 


- 


30 


- 


40 






tCLZ 


CE to Output in Low -Z 


20 


- 


20 


- 






tOLZ 


DE to Output in Low -Z 





- 





- 






tWLZ 


Output Active from End of Write 





- 





- 






tCHZ 


Chip Disable to Output in High-Z 





20 





25 




9 


*OHZ 


CE Disable to Output in High-Z 





20 





25 




9 


♦WHZ 


Write Enable to Output in High-Z 





20 





25 




9 


tosc 


OE Setup Time Referenced to CE 


10 


- 


10 


- 




9 


toHC 


UE Hold Time Referenced to CE 





- 





- 




9 


tpcs 


Read Command Setup Time 





- 





- 








Read Command Hold Time 





- 





- 


ns 




twp 


Write Pulse Width 


25 


- 


30 


- 






twCH 


Write Command Hold Time 


40 


- 


50 


- 






tcWL 


Write Command to CE Lead Time 


25 


- 


30 


- 






bsw 


Data Setup Time from R/W 


20 


- 


25 


- 




10 




Data Setup Time from CE 


20 


- 


25 


- 




10 




Data Hold Time from R/W 





- 





- 




10 


toHC 


Data Hold Time from CE 





- 





- 




10 


Use 


Address Setup Time 





- 





- 




11 




Address Hold Time 


20 


- 


25 


- 




11 


tpc 


Auto Refresh Cycle Time 


130 


- 


160 


- 






tRFD 


RFSH Delay Time from CE 


40 


- 


50 


- 






tpAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 




12 


tpp 


RFSH Precharge Time 


30 




30 






12 


tpAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 






12 


tpRS 


CE Delay Time from RFSH (Self Refresh) 


160 




190 






12 


tpEF 


Refresh Period (2048 cycles, AO ~ A10) 




32 




32 


ms 






Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 
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Notes: 

1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) Iddo> 'ddf3. and loDF4 depend on the cycle time. 

4) boo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of lOOjis with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 

7) Timing reference levels 

Input Levels : V|h = 2.6V 

V|L = 0.6V 



Input Reference Levels : Vm - 2.4V 

V|L = 0.8V 

Output Reference Levels : Vqh = 2.2V 

Vol = 0.8V 

8) Measured with a load equivalent to 1 TTL load and 1 0OpF. 

9) tcHZ- ^OHZ' ^WHZ define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

1 0) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the input data must be valid 
during the setup time (tpsw or tosc) and hold time (tQHw or toHc)- 

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during t^sc and tAHc- 



1 2) The two refresh ope rations , auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V|h. 
Auto refresh : RFSH pulse width < tpAp (max.) 
Self refresh : RFSH pulse width > tp^s (min.) 

The timing parameter tpps must be met for proper device operation under the following conditions: 

• a fter self ref resh 

• if OE/RFSH = "L" after power-up 



INPUT 



OUTPUT 



2.6V. 
0.6V. 







-ORV 








>i 


-2.2V 
-0 BV 









INPUT REFERENCE 
LEVEL 



OUTPUT REFERENCE 
LEVEL 
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Timing Waveforms 
Read Cycle 



AO- A18 V 



V,H - 



R/W 



1/01-1/08 




Write Cycie 1 (OE Fixed High) 



AO - A18 w 



?3E/f???H 



R/W 



V0 1-1/08 
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Write Cycle 2 (OE Clocked or Fixed Low) 



AO - A18 ^ 



R/W 




1/01-1/08 



DATA-IN \ 




Read Modify Write Cycle 



tRMW 




V|H - 

I/01-V08 

1— Of 



■ HorL 



TOSHIBA AMERICA ELECTRONIC COIVIPONENTS, INC. 



D-203 



TC518512PI/FI-80/10 



Static RAM 



CE Only Refresh 



AO - A10 y^^ 



R/W 



1/01-1/08 




VoH- 



OPEN 

Note:A11 ~A18 = V|h orV|L 



HorL 



Auto Refresh 

V|H - 



ViL _ 



ViL _ 



1/01-1/08 



VoH - 



Vol - 

Note : R/W, AO ~ A1 8 = V|h or V|l 



OPEN 



Self Refresh 

V,H - 



V,L _ 



tFP 



1/01-1/08 



VoH - 



Vol - 

Note : fVW, AO ~ A18 = V|h or V|l 



OPEN 



D-204 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TOSHIBA 



TC51V8512AF/AFT/Ami2/15 



PRELIMINARY 



SILICON GATE CMOS 

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM 



Description 

The TC51V8512AF is a 4M bit high speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. The TC51V8512AF 
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power 
storage. The TC51 V851 2AF operates from a single 3.0V power supply. Refreshing is supported by a refresh (OE/RFSH) input which 
enables two types of refreshing - auto refresh and self refresh. The TC51 V851 2AF features a static RAM-like interface with a write 
cycle in which the input data is written into the memory cell at the rising edge of RAN thus simplifying the microprocessor interface. 

The TC51V8512AF is available in a 32-pin small outline plastic flat pacl<;age, and a thin small outline package (forward type, 
reverse type). 



Features 

• Organization: 524,288 words x 8 bits 

• Low voltage function: 3.0V+10% 

• Data retention supply voltage: 2.0V ~ 3.3V 

• Fast access time 





TC51V8512AF Family 


-12 


-15 


tcEA^ Access Time 


120ns 


150ns 


toEA^ Access Time 


60ns 


80ns 


Irc Cycle Time 


190ns 


230ns 


Power Dissipation 


99mW 


66mW 


Self Refresh Current 3.0V 


40nA 



• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 2048 refresh cycles/32ms 

• Package 

- TC51V8512AF: SOP32-P-525 

- TC51V8512AFT:TSOP32-P-400 

- TC518V512ATR:TSOP32-P-400A 



Pin Connection (Top View) 

AF/AFT 



ATR 



AI8C 




" 32 


A16C 


2 


31 


A14C 


3 


30 


A12C 


4 


29 


A7C 


5 


28 


A6C 


6 


27 


A5C 


7 


26 


A4C 


8 


25 


A3C 


9 


24 


A2C 


10 


23 


AlC 


11 


22 


AOC 


12 


21 


1/01 C 


13 


20 


1/02 C 


14 


19 


1/03 C 


15 


18 


gndC 


16 


17 




Pin Names 



A0~A18 


Address Inputs 


FIM 


Read/Write Control Input 


OE/RFSH 


Output Enable Input 
Refresh Input 


CE 


Chip Enable Input 


1/01 ~ 1/08 


Data Inputs/Outputs 


Vdd 


Power 


GND 


Ground 
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Block Diagram 

Voo GND 



[8 
A10 



COLUMN 
ADDRESS 
BUFFER (8) 



ROW 
ADDRESS 
BUFFER (11) 



REFRESH 
COUNTERdD 



CLOCK 
GENERATOR 



D 



R/W o- 



O- 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



2048 



t tlil 



MEMORY 
ARRAY 
2048x256x8 



<"■ ♦ 



3 _ 
— oc 



O a> 



14/ 



REFRESH 




REFRESH 


CONTROLLER 




TIMER 



3 ^ 
a. 00 



3 

Ooe 



<u. 



< 3 
O 00 



O 

3i 



Operating Mode 



MODE ^^^^ 


PIN 


CE 


OE/ 
RFSH 


R/W 


A0~A18 


1/01 - 8 


Read 




L 


L 


H 


V* 


OUT 


Write 




L 




L 


V* 


IN 


CE only Refresh 




L 


H 


H 


V* 


HZ 


Auto/Self Refresh 


H 


L 






HZ 


Standby 


H 


H 






HZ 



H = High level input (Vm) 
L = Low level input (VnJ 
* =V|HorV|L _ 

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are ' 
HZ = High impedance 

ly/laximum Ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




VqUT 


Output Voltage 


-1.0-7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




TOPR 


Operating Temperature 


0-70 


°c 


1 


"•"STRG 


Storage Temperature 


-55-150 


°c 


^SOLDER 


Soldering Temperature • Time 


260* 10 


°C • sec 




Pd 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 
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DC Recommended Operating Conditions 



SYIMBOL 


PARAMETER 


IMIN. 


TYP. 


■MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


2.7 


3.0 


3.3 


V 


2 


V|H 


Input High Voltage 


2.1 




Vdd + 0.5 


V 


V|L 


Input Low Voltage 


-0.5 




0.7 


V 



DC Characteristics (Ta = ~ 70°C, Vqd = 3V±10%) 



SYNIBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


'ddo 


Operating Current (Average) 

Cfe, Address cycling: tpc = tpc mi"- 


1 20ns version 


_ 


20 


30 


mA 


3,4 


1 50ns version 


- 


15 


20 


'ddsi 


Standby Current 

CE = V|H, OE/RFSH = V,H 






0.5 


mA 




IdDS2 


Standby Current 

CE = Vdd - 0.2V OE/RFSH = Vdd - 0.2V 






40 


ma 




Iddfi 


Self Refresh Current (Average) 
CE = V|H, OE/RFSH = V,L 






0.5 


mA 




'dDF2 


Self Refresh Current (Average) 
CE = Vdd - 0.2V OE/RFSH = 0.2V 






40 


ma 




'dDF3 


Auto Refresh Current (Average) 


120ns version 




20 


30 


mA 


3 


OE/RFSH cycling: tpc = tpc mi". 


1 50ns version 




15 


20 


'dDF4 


CE only Refresh Current (Average) 
CE, Address cycling: tpc = tpc min. 


1 20ns version 




20 


30 


mA 


3 


1 50ns version 




15 


20 


l|(L) 


Input Leakage Current 

OV < V|N < Vdd. All other Inputs not under test = OV 






±10 


ma 




'O(L) 


Output Leakage Current 

Output Disabled (CE = V|h or OE/RFSH = V|h or R/W = ViJ, 

OV<Vout^Vdd 






±10 


HA 




VoH 


Output High Level 
loH = -100^lA 


Vdd - 0.2 






V 




Vol 


Output Low Level 
loL= 100nA 






0.2 


V 





Capacitance* (Vqd = 3V, Ta = 25'>C, f = 1MHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C|i 


Input Capacitance (AO ~ A18) 




5 


PF 


C|2 


Input Capacitance (CE, OE/RFSH, R/W) 




7 




Input/Output Capacitance 




7 



*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = ~ 70°C, Vqd = 3V±10%) (Notes: 5, 6, 7) 



SYMBOL 


PARAMETER 


-120 


-150 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tpc 


Random Read, Write Cycle Time 


190 


_ 


230 


_ 






tRMW 


Read Modify Write Cycle Time 


250 


\- 


290 


_ 






tcE 


CE Pulse Width 


120 


10,0QG 


150 


10,000 






tp 


UE Precharge Time 


70 


_ 


80 


_ 








ftccess 1 imfi- 


_ 


120 




150 






bEA 


UE Access Time 


_ 


^-60" 


_ 


80 






*CLZ 


CE to Output in Low -Z 


20 


_ 


20 


_ 






tOLZ 


UE to Output in Low -Z 





_ 





_ 






twLZ 


Output Active from End of Write 


5 





5 


_ 






tCHZ 


Chip Disable to Output in High-Z 





30 





30 




8 


tOHZ 


UE Disable to Output in High-Z 





30 





30 




8 


twHZ 


Write Enable to Output in High-Z 





30 





30 




8 


tosc 


UE Setup Time Referenced to CE 





_ 





_ 




8 


toHC 


UE Hold Time Referenced to CE 


15 


_ 


15 


_ 




8 


tpcs 


Read Command Setup Time 





_ 





_ 






tRCH 


Read Command Hold Time 





_ 





_ 


ns 




twp 


Write Pulse Width 


35 


_ 


35 


_ 






twCH 


Write Command Hold Time 


70 


_ 


70 


_ 






tcWL 


Write Command to CE Lead Time 


35 





35 


_ 






tosw 


Data Setup Time from R/W 


30 


_ 


30 


_ 




9 


^DSC 


Data Setup Time from CE 


30 


_ 


30 


_ 




9 


^DHW 


Data Hold Time from R/W 





_ 





_ 




9 


^DHC 


Data Hold Time from CE 





_ 





_ 




9 


Use 


Address Setup Time 





_ 





_ 




10 




Address Hold Time 


25 


_ 


25 


_ 




10 


tpc 


Auto Refresh Cycle Time 


190 


_ 


230 


_ 






^RFD 


RFSH Delay Time from CE 


70 


_ 


80 


_ 






^FAP 


RFSH Pulse Width (Auto Refresh) 


80 


8,000 


80 


8,000 




11 


tpp 


RFSH Precharge Time 


40 




40 






11 


^FAS 


RFSH Pulse Width (Self Refresh) 


8,000 




8,000 






11 


Vrs 


CE Delay Time from RFSH (Self Refresh) 


250 




300 






11 


^REF 


Refresh Period (2048 cycles, AO ~ A1 0) 




32 




32 


ms 




h 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 





D^208 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



PRELIiy/IINARY 



Static RAM 



TC51 V851 2AF/AFT/ATR-1 2/1 5 



Notes: 

1) Stress greater than those listed under "Maximum Ratings" may cause permanent damage to the device. 

2) All voltages are referenced to GND. 

3) Iddo > Iddf3- Qi^d Iddf4 depend on the cycle time. 

4) Iqdo depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 0Ofis with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tj = 5ns. 

7) Measured with a load equivalent to 1 TTL load and 1 0OpF. 

8) ^CHZ- ^OHZ> twHZ define the time at which the output achieves the open circuit condition and Is not referenced to output 
voltage levels. 

9) For write cycles, the input data is latched at the earlier of F!/W or CE rising edge. Therefore, the input data must be valid 

during the setup time (tpsw O"" ^dsc) ^'^^ ^^o'd time (tonw o"" ^dhc)- 

10) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during t^sc ^mc- 



11) The two refresh ope rations , auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = Vih. 
Auto refresh : RFSH pulse width < tpAp (max.) 
Self refresh : RFSH pulse width > tp^s (min.) 

The timing parameter tpps must be met for proper device operation under the following conditions: 

• a fter self ref resh 

• if OE/RFSH = "L" after power-up 
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Data Retention Characteristics (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




3.3 


V 


'dDF2 


Self Refresh Current 


Vdh = 3.0V 




20 


40 


HA 


tR 


Recovery Time 


5 






ms 



*The rising and falling slope of Vdd must be more than 50ms for proper device operation (20msA'). 



VOD 



Voo 
2.7V 

VOH 

GNO 



GNO 



CE 



Vit 
GNO 



DATA RETENTION MODE 



Onsmin. 



(SELF REFRESH) 



S0.2V 



2 Voo - 0.2V 



tR 



Notes: R/W, AO ~ A1 8 = V|h or V|l 

Iddfi is applicable when OE/RFSH = V|l (max.), CE = Vm (min.). 
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Timing Waveforms 
Read Cycle 



A0~ A18 



R/W 



1/01-1/08 




VoM- 
VOL- 



Write Cycle 1 (OE Fixed High) 
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Write Cycle 2 (OE Cloclced or Fixed Low) 

:7 



AO- A18 

fVW 

1/01-1/08 

Read Modify Write Cycle 

U 

AO - A18 




tRMW 



R/W 



VlH - 



1/01-1/08 
I VoH- 




: H or L 
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CE Only Refresh 



A0~ A10 



fVW 



1/01-1/08 



V,H - 




VoH- 
VOL-' 



OPEN 



Note:A11 ~ A18 = V|h orV|L 



: H or L 

m 



Auto Refresh 



V,L - 



V,L _ 



tRFD 



tpc 



1/01-1/08 



VoH - 



Vol - 

Note : FVW, AO ~ A18 = V|h or V|l 



OPEN 



Self Refresh 



4 ^«fP 



tpp 



j£BS_ 



tOHC. 



1/01 -V08 



VoH - 



Vol - 

Note : FVW, AO ~ A18 = V|h or V|l 



OPEN 
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